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A METHOD FOR DETECTION OF ALTERATIONS IN MSH5

FIELD OF THE INVENTION

5 The present invention pertains to a mammalian DNA mismatch

repair gene, MSH5, and uses thereof, for example, in drug screening,

cancer prognosis and diagnosis. The gene product is required for meiotic

crossing over and segregation of chromosomes during meiosis. More

specifically, the invention relates to detection of alterations in the gene

10 which are associated with some mammalian, preferably human, cancers,

as well as conditions involving problems in meiotic segregation..

BACKGROUND OF THE INVENTION

Accurate transmission of genetic information is important in the

15 survival of a cell, an organism, and a species. A number of mechanisms

have evolved that help to ensure high fidelity transmission of genetic

material from one generation to the next since mutations can lead to new

genotypes that may be deleterious to the cell. DNA lesions that frequently

lead to mutations are modified, missing or mismatched nucleotides.

20 Multiple enzymatic pathways have been described in prokaryotic systems

that can specifically repair these lesions.

There are at least three ways in which mismatched nucleotides arise

in DNA. First, physical damage to the DNA or DNA precursors can give

rise to mismatched bases in DNA. For example, the deamination of 5-

25 methyl-cytosine creates a thymine and, therefore, a G-T mispair. Second,

misincorporation, insertion, or deletion of nucleotides during DNA

replication can yield mismatched base pairs. Finally, genetic

recombination produces regions of heteroduplex DNA which may contain

mismatched nucleotides when such heteroduplexes result from the pairing

30 of two different parental DNA sequences. Mismatched nucleotides

produced by each of these mechanisms are known to be repaired by
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specific enzyme systems.

The well defined mismatch repair pathway is the E. coli MutHLS

pathway that promotes a long-patch (approximately 3 Kb) excision repair

reaction which is dependent on the mutH, mu£L, mutS and MutUfuvrD) gene

5 products. The MutHLS pathway appears to be the most active mismatch

repair pathway in E. coli and is known to both increase the fidelity of DNA

replication and act on recombination intermediates containing mispaired

bases. This system has been reconstituted in vitro and requires the MutH,

MutL, MutS and UvrD (helicase II) proteins along with DNA polymerase III

10 holoenzyme, DNA ligase, single-stranded DNA binding protein (SSB) and

one of the single-stranded DNA exonucleases, Exo I, Exo VII or RecJ.

MutS protein binds to the mismatched nucleotides in DNA. MutH protein

interacts with GATC sites in DNA that are hemi-methylated on the A and is

responsible for incision on the unmethylated strand. Specific excision of

15 the unmethylated strand results in increased fidelity of replication because

excision is targeted to the newly replicated unmethylated DNA strand.

MutL facilitates the interaction between MutS bound to the mismatch and

MutH bound to the hemi-methylated Dam site resulting in the activation of

MutH. UvrD is the helicase that appears to act in conjunction with one of

20 the single-stranded DNA specific exonucleases to excise the unmethylated

strand leaving a gap which is repaired by the action of DNA polymerase III

holoenzyme, SSB and DNA ligase. In addition, £. coli contains several

short patch repair pathways including the VSP system and the MutY

(MicA) system that act on specific single base mispairs.

25 In bacteria, therefore, mismatch repair plays a role in maintaining

the genetic stability of DNA. The bacterial MutHLS system has been found

to prevent genetic recombination between the divergent DNA sequences of

related species such as E. coli and S. typhimurium (termed: homologous

recombination)

.

30 A number of human mismatch repair genes have been discovered.

Defects in the human MSH2 gene are associated with Hereditary Non-

Polyposis Colon Cancer (HNPCC), a familiar form of human colorectal
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cancer (CRC) that is also known as Lynch's Syndrome. Other mismatch

repair genes discovered in humans include MLH1.

These genes are not only involved with susceptibility to cancer, but

can be associated with other aspects. For example, defects in MSH2 and

5 MLH1 confer resistance to alkylating agents frequently used in treating

cancers. Consequently, the discovery of mismatch repair genes is

extremely important. For example, finding a new mismatch repair gene

permits one to look for defects in that gene and determine its association

with particular cancers. This not only permits one to determine

10 susceptibility to particular cancers, but to have a better prognosis of the

disease and to more fully understand what therapies to use. Thus, being

able to find additional mammalian, particularly human, mismatch repair

genes is very important.

15 SUMMARY OF THE INVENTION

We have discovered and sequenced mammalian MSH5 genes which

are involved in the DNA mismatch repair pathway. We have identified its

chromosomal location in humans as well as the intron-exon borders in

both mice and humans. This gene produces a protein involved in meiotic

20 crossing over and segregation of chromosomes during meiosis. Thus,

defects in the gene should indicate susceptibility to disorders associated

with those activities such as Downs Syndrome and certain types of

infertility. Further defects in mismatch repair genes indicate susceptibility

to various types of cancer. Moreover, defects in this gene confer resistance

25 to alkylating agents. Alkylating agents represent a preferred class of

chemotherapeutic agents frequently used in treating cancer.

Consequently, individuals diagnosed with cancer should have that

cancer screened for the presence of a defect in the MSH5 gene. If the

individual has such a defect, then an agent other than an alkylating agent

30 should be prescribed. This gene, also has other applications. It can be

used in assays, to express gene product, for drug screens, and

therapeutically.
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DESCRIPTION OF THE SEQUENCE LISTING

SEQ ID NO.:l is the nucleotide sequence of the human MSH5 MSH2

gene.

5 SEQ ID NO.:2 is the deduced amino acid sequence of the human

MSH5 gene product.

SEQ ID NOs.:3-26 are the nucleotide sequence of the 5= exon-intron

borders.

SEQ ID NOs:27-50 are the nucleotide sequences of the 3= intron-

10 exon borders.

SEQ ID NOs: 51 and 52 are primers used in screening for human

genomic MSH5.

SEQ ID NO:53 is the nucleotide sequence of the murine MSH5 gene.

SEQ ID NO:54 is the deduced amino acid sequence of the murine

15 MSH5 gene product.

SEQ ID NOs:55-85 represent nucleotide intronic sequences of

human MSH5.

SEQ ID NOs:86-90 are nucleotide sequences of the 5' exon-intron

borders of mMSH5.

20 SEQ ID NOs:91-95 are nucleotide sequences of the 3' intron-exon

borders of mMSHS.

SEQ ID NOs:96-100 represent nucleotide intronic sequences of

murine MSH5.

SEQ ID NOs: 10 1-104 are primers used.

BNSDOCID: <WO 9901 550A1 _l_>
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DETAILED DESCRIPTION OF THE INVENTION

We have discovered that mammals have a DNA mismatch repair

gene analogous to a gene that exists in bacteria and yeast. Defects or

alterations in this mismatch repair gene in a mammal, such as a human,

5 will result in abnormalities in meiotic crossing over and segregation of

chromosomes during meiosis. Such a phenotype should have a high

correlation with abnormalities associated with such defects. For example,

in many types of infertility and Downs Syndrome, problems in meiotic

chromosome segregation are present. Accordingly, discovering a defect or

10 alteration in the MSH5 gene (SEQ ID NO:l provides the complete human

sequence) can be diagnostic of a predisposition to such an abnormality.

Additionally, mismatch repair genes are typically associated with an

increased risk of cancer. Thus, the discovery of defects in MSH5 can be

diagnostic of a predisposition to cancer, and prognostic for a particular

15 cancer.

The diagnostic and prognostic methods of the present invention

include looking for an alteration in mammalian MSH5 gene. Preferably,

the mammalian MSH5 gene is human. The alteration may be due to a

deletion, addition and/or mutation, such as a point mutation, in the gene.

20 Any of these types of mutations can lead to non-functional gene products.

The mutational events may occur not only in an exon, but also in an intron

or non-exonic region. As a result of alterations of this kind, including

alterations in non-exonic regions, effects can be seen in transcription and

translation of members of the pathway, thereby affecting the ability to

25 repair mismatch errors or meiotic events. The changes resulting from

these alterations are also reflected in the resultant protein and mRNA as

well as the gene. Other alterations that might exist in the pathway include

changes that result in an increase or decrease in expression of a gene in

the mismatch repair pathway.

30 Consequently, one aspect of this invention involves determining

whether there is an alteration of MSH5. This determination can involve

screening for alterations in the gene, its mRNA, its gene products, or by
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detecting other manifestations of defects in the pathway. Alterations can

be detected by screening for a particular mismatch repair element in a

suitable sample obtained, for example, from tissue, human biological fluid,

such as blood, serum, plasma, urine, cerebrospinal fluid, supernatant

5 from normal cell lysate, supernatant from preneoplastic cell lysate,

supernatant from neoplastic cell lysate, supernatants from carcinoma cell

lines maintained in tissue culture, eukaryotic cells, etc.

In order to detect alterations in MSH5 from a particular tissue, such

as a malignant tissue, it is helpful to isolate that tissue type free from the

10 surrounding tissues. Means for enriching a tissue preparation e.g., for

tumor cells, are known in the art. For example, the tissue may be isolated

from paraffin or cryostat sections. Cancer cells may also be separated from

normal cells by flow cytometry. These as well as other techniques for

separating specific tissue types from other tissues, such as tumor from

15 normal cells, are well known in the art. It is also helpful to screen normal

tissue free from malignant tissue. Then comparisons can be made to

determine whether a malignancy results from a spontaneous change in the

mismatch repair pathway or is genetic.

Detection of mutations may be accomplished by molecular cloning

20 of the MSH5 gene present in the tissue and sequencing the genes using

techniques well known in the art. For example, mRNA can be isolated,

reverse transcribed and the cDNA sequenced. Alternatively, the

polymerase chain reaction can be used to amplify the MSH5 gene or

fragments thereof directly from a genomic DNA preparation from the tissue

25 such as tumor tissue. The DNA sequence of the amplified sequences can

then be determined. Alternatively, one can screen for marker portions of

the DNA that are indicative of changes in the DNA. The polymerase chain

reaction itself is well known in the art. See e.g., Saiki et al, Science,

239:487 (1988); U.S. 4,683,203; and U.S. 4,683,195. Specific primers

30 which can be used in order to amplify the mismatched repair genes will be

discussed in more detail below.

Specific deletions of mismatch repair pathway genes can also be

BNSDOC1D: <WO 9901 550A1 _l_>
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detected. For example, restriction fragment length polymorphism (RFLP)

probes for the MSH5 gene or portion thereof, can be used to score loss of a

wild-type allele. Other techniques for detecting deletions, as are known in

the art, can be used.

5 Loss of the wild-type MSH5 may also be detected on the basis of the

loss of a wild-type expression product. Such expression products include

both the mRNA as well as the protein product itself. Point mutations may
be detected by sequencing the mRNA directly or via molecular cloning of

cDNA made from the mRNA. The sequence of the cloned cDNA can be

10 determined using DNA sequencing techniques which are well known in the

art. Alternatively, one can screen for changes in the protein. For example, -

a panel of antibodies, for example single chain or monoclonal antibodies,

could be used in which specific epitopes involved in, for example, MSH5
meiotic segregation functions are represented by a particular antibody.

15 Loss or perturbation of binding of a monoclonal antibody in the panel

would indicate mutational alteration of the protein and thus of the gene

itself. Alternatively, deletional mutations leading to expression of

truncated proteins can be quickly detected using a sandwich type ELISA

screening procedure, in which, for example, the capture antibody is

20 specific for the N-terminal portion of the pathway protein. Failure of a

labeled antibody to bind to the C-terminaJ portion of the protein provides

an indication that the protein is truncated. Even where there is binding to

the C-terminal, further tests on the protein can indicate changes. For

example, molecular weight comparison. Any means for detecting altered

25 mismatch repair pathway proteins can be used to detect loss of wild-type

mismatch repair pathway genes.

Alternatively, mismatch detection can be used to detect point

mutations in the MSH5 gene or its mRNA product. While these techniques

are less sensitive than sequencing, they can be simpler to perform on a

30 large number of cells. An example of a mismatch cleavage technique is the

RNAase protection method, which is described in detail in Winter et al.,

Proc. Natl. Acad. Sci. USA, 82:7575 (1985) and Meyers et al., Science,

3*50001 D: <WO 9901550A1_I_>
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230:1242 (1985). In the practice of the present invention, the method

involves the use of a labeled riboprobe which is complementary to the

human wild-type MSH5. The riboprobe and either mRNA or DNA-isolated

form the test tissue are annealed (hybridized) together and subsequently

5 digested with the enzyme RNase A which is able to detect some

mismatches in a duplex RNA structure. If a mismatch is detected by

RNase A, it cleaves at the site of the mismatch. Thus, when the annealed

RNA preparation is separated on an electrophoretic gel matrix, if a

mismatch has been detected and cleaved by RNase A, an RNA product will

10 be seen which is smaller than the full-length duplex RNA for the riboprobe

and the mismatch repair pathway mRNA or DNA. The riboprobe comprises

only a segment of the MSH5 mRNA or gene it will be desirable to use a

number of these probes to screen the whole mRNA sequence for

mismatches.

15 In similar fashion, DNA probes can be used to detect mismatches,

through enzymatic or chemical cleavage. See, e.g., Cotton et al.. Proc. Nat.

Acad. Sci. USA, 85:4397 (1988); and Shenk et al., Proc. Natl. Acad. Sci.

USA, 72:989 (1975). Alternatively, mismatches can be detected by shifts in

the electrophoretic mobility of mismatched duplexes relative to matched

20 duplexes. See, e.g., Cariello, Human Genetics, 42:726 (1988). With either

riboprobes or DNA probes, the cellular mRNA or DNA which might contain

a mutation can be amplified using PCR before hybridization.

DNA sequences of the MSH5 gene from test tissue which have been

amplified by use of polymerase chain reaction may also be screened using

25 allele- specific probes. These probes are nucleic acid oligomers, each of

which contains a region of the MSH5 gene sequence harboring a known

mutation. By use of a battery of allele-specific probes, the PCR

amplification products can be screened to identify the presence of a

previously identified mutation in the gene. Hybridization of allele-specific

30 probes with amplified mismatch repair pathway sequences can be

performed, for example, on a nylon filter. Hybridization to a particular

probe indicates the presence of the same mutation in the tumor tissue as

BNSDOC10: <WO 9901 550A1 _l_>
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in the allele-specific probe.

Altered MSH5 gene or gene products can be detected in a wide

range of biological samples, such as serum, stool, or other body fluids,

such as urine and sputum. The same techniques discussed above can be

5 applied to all biological samples. By screening such biological samples, a

simple early diagnosis can be achieved for many types of abnormalities

such as defects in chromosomal segregation or cancers. For example

someone can be screened as part of a pre-pregnancy battery of tests.

Thus, if fertility problems arise, the knowledge of the defect can be used in

10 determining the treatment. Moreover, even if a pregnancy results, the

knowledge can be used in determining whether and the types of pre-natal -

screening.

Similarly, even when someone has been diagnosed with cancer,

these screens can be prognostic of the condition, e.g., spontaneous

15 mutation versus hereditary. The prognostic method of the present

invention is useful for clinicians so that they can decide upon an

appropriate course of treatment. For example, a hereditary mutation in

the DNA mismatch repair system suggests a different therapeutic regimen

than a sporadic mutation. In addition, mutations in MSH5 confer

20 resistance to alkylating agents which are frequently used in cancer

chemotherapy. Thus, knowing of a defect permits one to choose an

alternative course of therapy.

The methods of screening of the present invention are applicable to

any sample in which defects in MSH5 has a role, such as in tumorigenesis.

25 The method of the present invention for diagnosis of, for example, a

DNA mismatch repair defective tumor is applicable across a broad range of

tumors. These include breast, lung, colorectal, ovary, endometrial

(uterine), renal, bladder, skin, rectal and small bowel.

The present invention also provides a kit useful for determination of

30 the nucleotide sequence of a MSH5 using a method of DNA amplification,

e.g., the polymerase chain reaction or an antibody. The kit comprises a set

of pairs of single stranded oligonucleotide DNA primers which can be

BNSDOCID: <WO 990155GA1 J_>
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annealed to sequences within or surrounding the MSH5 gene in order to

prime amplifying DNA synthesis of the gene itself or to use as antibody for

the gene product. In one preferred embodiment instructions for using the

materials to screen for MSH5 for diagnosis or prognosis purposes are

5 included.

In order to facilitate subsequence cloning of amplified sequences,

primers may have restriction enzyme sites appended to their 5' ends.

Thus all nucleotides of the primers are derived from the mismatch repair

'

gene sequences or sequences adjacent thereto except the few nucleotides

,0 necessary to form a restriction enzyme site. Such enzymes and sites are

well known in the art. The primers themselves can be synthesized using

techniques which are well known in the art. Generally, the primers can be

made using synthesizing machines which are commercially available.

In a preferred embodiment, the set of primer pairs for detecting

I5 alterations in the hMSH5 gene comprises primer pairs that would border

intron/exon borders . For example, one could use SEQ ID NOS:3-26 to

pick one member of the pair and SEQ ID NOS:27-50 to pick another

member. One can readily derive other primers to use based upon these

sequences. Typically the primer will be at least about 10 nucleotides, more

,0 preferably at least about 13 nucleotides, still more preferably at least about

15 nucleotides, even more preferably at least about 20 nucleotides.

Typical primer sizes will range from about 17 to 23 nucleotides.

According to the present invention, a method is also provided of

supplying MSH5 function to a cell which carries a mutant gene. The wild-

,5 type MSH5 gene or a functional part of the gene such as a domain

supplying a particular function may be introduced into the cell in a vector

such that the gene remains extrachromosomal. In such a situation, the

gene will be expressed by the cell from the extrachromosomal location. By

using traditional deletion mutant analysis, specific functional domains can

30 readily be determined. For example, a domain supplying meiotic function.

Alternatively, one can select a domain that supplies mismatch repair

function. If a gene portion is introduced and expressed in a cell carrying a

NSDOCID: <WO 9901550A1J_>
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mutant MSH5, the gene portion should encode a part which is defective or

deficient in that cell. More preferred is the situation where the wild-type

mismatch repair pathway gene or a part of it is introduced into the mutant

cell in such a way that it recombines with the endogenous mutant MSH5
5 gene present in the cell. Such recombination would require stable

integration into the cell such as via a double recombination event which

would result in the correction of the gene mutation.

Vectors for introduction of genes both for recombination and for

extrachromosomal maintenance are known in the art and any suitable

10 vector may be used. Such a cell can be used in a wide range of activities.

For example, one can prepare a drug screen using a tumor cell line having -

a defect in the mismatch repair pathway and by this technique create a

control cell from that tumor cell. Thus, one can determine if the

compounds tested affect the pathway. Such a method can be used to

15 select drugs that specifically affect the pathway or as a screen for agents,

including known anti-cancer agents, that are effective against mismatch

repair defective tumors. These drugs may be combined with other drugs

for their combined or synergistic effects. In contrast, when comparing

normal cells with neoplastic cells there can be a variety of factors affecting

20 such cells, thus, such a comparison does not provide the same data.

These cells may also be able to be used therapeutically, for example, in

somatic cell therapy, etc.

The present invention further provides a method for determining

whether an alteration in a MSH5 gene is a mutation or an allelic variation.

25 The method comprises introducing the altered gene into a cell having a

mutation in the MSH5 gene being tested. The cell may be in vitro or in

vivo. If the altered gene tested is an allelic variation, i.e., function is

maintained, the mutation will be complemented and the cell will exhibit a

wild-type phenotype. In contrast, if the altered gene in a mutation, the

30 mutation will not be complemented and the cell will continue to exhibit

non-wild type phenotype.

One can also prepare cell lines stably expressing MSH5. Such cells

BNSOOCID: <WO 9901550A1 J_>
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can be used for a variety of purposes including an excellent source of

antigen for preparing a range of antibodies using techniques well known in

the art.

Polypeptides or other molecules which have functional MSH5

5 activity may be supplied to cells which carry mutant alleles. The active

molecules can be introduced into the cells by microinjection or by

liposomes, for example. Alternatively, some such active molecules may be

taken up by the cells, actively or by diffusion. Supply of such active

molecules will effect a desired state, for example, meiotic segregation.

10 Predisposition to a difficulty with appropriate segregation of

chromosomes or to cancers can be ascertained by testing normal tissues of

humans. For example, a person who has inherited a germline MSH5

alteration would be prone to develop one of these abnormalities, for

example cancers. This can be determined by testing DNA-or mRNA from

15 any tissue of the person s body. Most simply, blood can be drawn and the

DNA or mRNA extracted from cells of the blood. Loss of a wild-type MSH5

allele, either by point mutation, addition or by deletion, can be detected by

any of the means discussed above. Nucleic acid can also be extracted and

tested from fetal tissues for this purpose.

20 Accordingly, the present invention provides for a wide range of

assays (both in vivo and in vitro). These assays can be used to detect

cellular activities of the members in an MSH5 activity such as mismatch

repair, which include eukaryotic nucleotide sequences that are

homologous to bacterial or yeast MSH5 and the cellular activities of the

25 polypeptides they encode. In these assay systems, MSH5 genes,

polypeptides, unique fragments, or functional equivalents thereof, may be

supplied to the system or produced within the system. For example, such

assays could be used to determine whether there is a MSH5 gene excess or

depletion. For example, an in vivo assay systems may be used to study the

30 effects of increased or decreased levels of transcript or polypeptides of the

invention in cell or tissue cultures, in whole animals, or in particular cells

or tissues within whole animals or tissue culture systems, or over specified

JNSDOCtD: <WO 9901550A1 J_>
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time intervals (including during embryogenesis).

Another aspect of the invention relates to isolated DNA segments

which hybridize under stringent conditions to a DNA fragment having the

nucleotide sequence set forth in SEQ ID NOs: 1 or 53, preferably SEQ ID

5 NO: 1, or a unique fragment thereof and codes for a member of a

mammalian DNA MSH5 gene. Stringent hybridization conditions are well

known to the skilled artisan. For example, the hybridization conditions set

forth in Example 1 can be used.

10 IDENTIFICATION AND CLASSIFICATION OF TUMORS.

One preferred assay described herein permits the diagnosis and/or

prognosis of mismatch repair defective tumors. The eukaryotic nucleotide

sequences, polypeptides, and antibodies of this invention are particularly

useful for determining pathological conditions suspected of being tumors

15 that: (i) contain anon-wild type allele of a MSH5 nucleotide sequence

and/or (ii) lack at least one antigenic determinant on a polypeptide that is

encoded by such nucleotide sequence and/or contain new antigenic

determinants.

Using any technique known in the art including, for example,

20 Southern blotting, Northern blotting, PCR, etc. {see, for example, Grompe,

Nature Genetics 5: 1 1 1-117, 1993, incorporated herein by reference) the

nucleotide sequences of the present invention can be used to identify the

presence of non-wild type alleles of sequences.

For example, in one embodiment, using SEQ ID NO.: 1 or 3-50, PCR

25 primers can be designed to amplify individual exons or introns of human

MSH5. These primers can then be used to identify and classify human

tumors that contain at least one non-wild type allele of at least one

sequence of the human gene corresponding to SEQ ID No.:l. Primer sets

derived from SEQ ID NOS:3-50 can be used to amplify the individual exon

30 of the human MSH5 gene. These primers all hybridize to intron

sequences, and thus can be used to amplify exons and their flanking

intron /exon junctions, including sequences important for splicing, from

BNSDOCID: <WO 9901550A1J_>
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nucleic acid that has been isolated from a test sample, e.g., known tumor

ceils or cells suspected of being tumorous. The nucleotide sequences thus

amplified can then be compared to the known, corresponding sequence to

determine the presence or absence of any differences in the test sequences

5 relative to wild type sequences. Tumors that contain at least one non-wild

type allele of at least one sequence of the human gene can be classified as

"mismatch repair defective". Comparisons of the sequences may be

performed by direct sequence comparison or by other diagnostic methods

known in the art including, but not limited to, single-strand

10 conformational polymorphism analysis, denaturing polyacrylamide gel

electrophoresis, and so on. (See, Grompe, supra .)

For instance, a primer set can be used to amplify sequences from a

test tumor DNA and from control non-tumor DNA by standard PCR

technique. For example, using PCR reactions that contained lOmM Tris

15 buffer pH 8.5, 50mM KCL, 3mM MgCh, 0.01 gelatin, 50HM each dNTP, 1.5

unit Taq DNA polymerase, 5 pmole each primer, and 25ng template DNA.

35 cycles of 30 sec at 94°C, 30 sec at 55°C, and 1 min at 72°C can be

performed. Product bands are then analyzed by the methods, of Grompe

supra . By such a method, differences can be observed in the sequences

20 amplified between the test, e.g., tumor and non-tumor DNA. Alternatively,

product bands can be sequenced using such oligonucleotides. Thus, even

a single-base-pair difference can be observed between a test and control.

Even changes located within intron sequences can affect pre-mRNA

splicing signals.

25 Other primer pairs can be used that amplify only intron sequences

or only exon sequences. Product bands can be analyzed as described

above.

Alternatively, the antibodies of the invention can be used as probes

in standard techniques such as Western blotting to detect the absence in

30 tumor tissues of at least one antigenic determinant on at least one

eukaryotic polypeptide encoded by nucleotide sequences that are

homologous to MSH5 and/or the presence of new antigenic determinants.
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Test cells, e.g., cancers expressing abnormal proteins, would be expected

to contain e.g. mismatch repair defective tumors, as described above.

The present invention can also indicate other factors in cells having
an alteration. For example, the information provided by the isolated

5 mammalian MSH5 sequences and isolated polypeptides of the invention

can be used to inactivate, in a host cell, an endogenous MSH5 nucleotide

sequence. Physiological characteristics of the resultant altered host cell

can be analyzed and compared to physiological characteristics of an
unaltered host cell. Any physiological characteristics of the altered host

10 cell that are different from those of the unaltered host cell can be noted.

The same physiological characteristics can then be analyzed in test cells

such as tumor cells to help identify those tumors that contain a non-wild

type allele.

Physiological characteristics that can be analyzed in such a study

15 include, but are not limited to alterations in the rate of accumulation of

spontaneous mutations (e.g. by the rate of spontaneous mutation to drug
resistance), alterations in the rate of reversion of mutations, alterations in

the frequency of recombination between divergent sequences, alterations

in the genomic stability of short repeated sequences, sensitivity or

20 resistance to agents that induce DNA damage such as UV-light, nucleotide

analogs, alkylating agents, etc. For^examples of protocols that may be

used in this kind of analysis, see Reenan and Kolodner, Genetics 132: 975-

985 (1992); Kat et al., Proc. Nat. Acad. Sci., USA, 90: 6424-6428 (1993);

Strand et al., Nature, 365: 274-276 (1993), each of which is incorporated

25 herein by reference.

We mapped MSH5 to chromosome 6 using PCR analysis. More
specifically to 6p21.3 using PCR analysis. More specifically to 6p21.3

using PCR analysis of a radiation hybrid panel. Thus, one can look for

polymorphisms in or near that region by known means. More preferably

30 one looks at 6p21.3.

CLASSIFICATION OF NUCLEOTIDE SEQUENCES THAT ARE HOMOLO-
GOUS TO A BACTERIAL MISMATCH REPAIR GENE.
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Different versions, or "alleles" of the mammalian MSH5 nucleotide

sequences of the invention can be classified by their ability to functionally

replace an endogenous nucleotide sequence, in a normal host cell. As

used herein, a "wild type" allele is defined as a sequence that can replace

5 an endogenous nucleotide sequence in a normal host cell without having

detectable adverse effects on the host cell. A "non-wild type" allele or

"alteration" is defined as a mammalian MSH5 nucleotide sequence that

cannot replace an endogenous nucleotide sequence in a normal host cell

without having detectable adverse effects on the host cell.

10 Non-wild type alleles of MSH5 nucleotide sequence of the invention

can differ from wild type alleles in any of several ways including, but not

limited to, the amino acid sequence of an encoded polypeptide and the

level of expression of an encoded nucleotide transcript or polypeptide

product.

15 Physiological properties that can be monitored include, but are not

limited to, growth rate, rate of spontaneous mutation to drug resistance,

rate of gene conversion, genomic stability of short repeated DNA

sequences, sensitivity or resistance to DNA damage-inducing agents such

as UV light, nucleotide analogs, alkylating agents and so on. For example,

20 defective MSH5 genes confer resistance to alkylating agents.

Particular "non-wild type" alleles that encode a protein that, when

introduced into a host cell, interferes with the endogenous gene, are

termed "dominant negative" alleles.

25 INACTIVATION IN A HOST CELL OF ENDOGENOUS NUCLEOTIDE

SEQUENCES

.

The information provided by the isolated nucleotide sequences and

isolated polypeptides of the invention can be used to inactivate, for

example, an endogenous nucleotide sequence that is homologous to a

30 MSH5 gene and/or a polypeptide product encoded by an endogenous

nucleotide sequence that is homologous to such gene in a host cell.

For example, non-wild type alleles of MSH5, can be used to

inactivate endogenous nucleotide sequences in a host cell by, for example,

3NSDOCI0: <WO 9901550A1
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hybridizing to the endogenous nucleotide sequences and thereby
preventing their transcription or translation, or by integrating into the
genome of the host cell and thereby replacing or disrupting an endogenous
nucleotide sequence. More specifically, a non-wild type allele that can

5 bind to an endogenous DNA sequences, for example to form a triple helix,

could prevent transcription of endogenous sequences. A non-wild type
allele that, upon transcription, produces an "antisense" nucleic acid

sequence that can hybridize to a transcript of an endogenous sequence
could prevent translation of the endogenous transcript. A non-wild type

10 allele, particularly one containing an insertion or deletion of nucleotide
sequences, could integrate into the host cell genome and thereby replace
or disrupt an endogenous sequence.

In one embodiment, the amount of polypeptide expressed by an
endogenous MSH5 gene may be reduced by providing polypeptide -

15 expressing cells, preferably in a transgenic animal, with an amount of
MSH5 gene anti-sense RNA or DNA effective to reduce expression of

mismatch repair gene polypeptide.

A transgenic animal (preferably a non-human mammal) could
alternatively be provided with a repressor protein that can bind to a

20 specific DNA sequence, thereby reducing ("repressing") the level of

transcription of MSH5 gene.

Transgenic animals of the invention which have attenuated levels of

polypeptide expressed by MSH5 gene(s) have general applicability to the
field of transgenic animal generation, as they permit control of the level of

25 expression of genes.

MUTAGENESIS OF EUKARYOT1C NUCLEOTIDE SEQUENCES THAT ARE
HOMOLOGOUS TO A BACTERIAL MISMATCH REPAIR GENE.

The isolated nucleotide sequences and isolated polypeptides of the

30 invention can be mutagenized by any of several standard methods
including treatment with hydroxylamine, passage through mutagenic
bacterial strains, etc. The mutagenized sequences can then be classified

BNSOOCID: <WO_9901550A1J,
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"wild type" or "non-wild type" as described above.

Mutagenized sequences can contain point mutations, deletions,

substitutions, rearrangements etc. Mutagenized sequences can be used to

define the cellular function of different regions of the polypeptides they

5 encode. For example, the portion involved in chromosomal segregation

can be mutagenized to delete such portion to confirm function.

DIAGNOSIS OF SUSCEPTIBILITY TO AN MSH5 RELATED DEFECT SUCH

AS CANCER OR INAPPROPRIATE CHROMOSOMAL SEGREGATION.

10 The MSH5 nucleotide sequences, polypeptides, and antibodies of

this invention are particularly useful for diagnosis e.g. of susceptibility to

cancers whose incidence correlates with an alteration of a member of the

pathway, as described. Such cancers would be expected to contain

mismatch repair defective tumors, as described above.

15 Using any technique known in the art, such as Southern blotting,

Northern blotting, PCR, etc. (see, for example, Grompe, supra) the

nucleotide sequences of the present invention can be used to identify the

presence of relevant non-wild type alleles of MSH5.

Alternatively, the antibodies of the invention can be used as probes

20 in standard techniques such as Western blotting to detect the absence of

at least one relevant antigenic determinant on at least one polypeptide

encoded by MSH5 nucleotide sequences in sample tissues from individuals

being tested for susceptibility to a condition associated with an MSH5

defect such as a chromosomal segregation difficulty or cancer.

25 In preferred embodiments one would also test for defects in other

mismatch repair genes such as MSH2, MLH1, MSH3, MSH6, etc.

IDENTIFICATION OF EFFECTIVE THERAPEUTIC AGENTS

Molecules and host cells provided by the invention can be used to
,

30 identify therapeutic agents effective against MSH5 defects. In particular,

the molecules and host cells of the invention could be used to identify

therapeutic agents effective against MSH5 defects such as cancers. For

BNSDOCID <WO 9901550A1 J_>
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example, the presence of a non-wild type allele of MSH5 and/or with the

lack of at least one antigenic determinant on a polypeptide that is encoded

by such a nucleotide sequence.

For instance, as described above, altered host cells can be generated

5 in which an endogenous MSH5 nucleotide sequence has been inactivated

and/or in which a MSH5 polypeptide product has been inactivated. Such

an altered host cell can be contacted with various potential therapeutic

agents or combinations thereof. Physiological effects of such therapeutic

agents or combinations thereof can be assayed by comparing physiological

10 characteristics of an altered host cell that has been contacted with the

therapeutic agents or combinations thereof to the physiological

characteristics of an unaltered host cell that has been contacted with the

therapeutic agents or combinations thereof.

In preferred embodiments, the altered host cell is a mammalian ceil,

15 for example, a human cell, either in tissue culture or in situ (preferably

non-human). Other eukaryotic cells such as yeast, may also be used.

Potential therapeutic reagents that may be tested include, but are not

limited to, intercalating agents, nucleotide analogs, and X-rays. Possible

physiological effects that may be assayed include, but are not limited to,

20 alterations in the rate of accumulation of spontaneous mutations (e.g. by

the rate of spontaneous mutation to drug resistance), alterations in

chromosomal segregation during meiosis, alterations in meiotic crossing

over, alterations in the rate of reversion of mutations, alterations in the

frequency of recombination between divergent sequences, alterations in

25 the genomic stability of short repeated sequences, sensitivity or resistance

to agents that induce DNA damage such as UV-light, nucleotide analogs,

alkylating agents, and so on. Preferred therapeutic agents or combinations

thereof can be selected.

Preferred cancer therapeutic agents include therapeutic agents or

30 combinations thereof that are relatively toxic to the altered ceil as

compared to the unaltered cell. Toxicity can be defined in terms of

parameters such as increased cell death (assayed by cell count), decreased
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DNA replication (assayed by, for example, incorporation of titrated

thymidine
(
3H), and slowed cell growth rate (assayed by cell count).

In one particular embodiment of the invention, altered and

unaltered host cells can be contacted with therapeutic agents or

5 combinations thereof in the presence of DNA damaging agents, for example

nucleotide analogs (e.g. 5-FU, 2AP), UV Light, or alkylating agents. It

might be expected that DNA damaging agents alone would be lethal to

altered host cells containing an endogenous, but inactivated nucleotide

sequence or polypeptide product of the invention because the nucleotide

10 analogs would be incorporated into the DNA, creating mutations that

cannot be repaired in the absence of a functional mismatch repair system.

However, such an effect has not been observed in analogous systems.

Nonetheless, it is likely that DNA-damaging agents, when combined with

other therapeutic agents, would be relatively toxic to altered cells.

15 The assays described herein allow for the identification of

therapeutic cancer agents or combinations thereof that, when

administered in the presence of DNA damaging or other agents, would be

relatively toxic to an altered host cell containing an inactivated

endogenous nucleotide sequence of the invention and/or an inactivated

20 polypeptide product of the invention as compared to an unaltered cell.

Alternative preferred therapeutic agents include those that, when

administered, restore the physiological characteristics of the altered cell

that has been contacted with the therapeutic reagents, or combination

thereof, to more closely resemble the physiological characteristics of an

25 unaltered, untreated host cell. It is further preferred that these

therapeutic agents, or combinations thereof, do not significantly affect the

physiological characteristics of an unaltered host cell.

THERAPEUTIC AND PHARMACEUTIC COMPOSITIONS

30 The nucleotide sequences and polypeptides expressed by these

sequences described herein can also be used in pharmaceutical

compositions in, for example, gene therapy. An exemplary pharmaceutical

BNSOOCID: <WO 990155OAl_l_>



WO 99/01550
PCT/US98/I3850

21

composition is a therapeutically effective amount of a MSH5 sequence of

the invention optionally included in a pharmaceutically-acceptable and
compatible carrier. The term "pharmaceutically-acceptable and compatible

carrier" as used herein, and described more fully below, refers to (i) one or

5 more compatible solid or liquid filler diluents or encapsulating substances

that are suitable for administration to a human or other animal, and/or (ii)

a system, such as a retroviral vector, capable of delivering the MSH5
nucleotide sequence to a target cell. In the present invention, the term

"carrier" thus denotes an organic or inorganic ingredient, natural or

10 synthetic, with which the mismatch repair nucleotide sequences and

polypeptides of the invention are combined to facilitate application. The

term "therapeutically-effective amount" is that amount of the present

pharmaceutical compositions which produces a desired result or exerts a

desired influence on the particular condition being treated. Various

15 concentrations may be used in preparing compositions incorporating the

same ingredient to provide for variations in the age of the patient to be

treated, the severity of the condition, the duration of the treatment and the

mode of administration.

The term "compatible", as used herein, means that the components

20 of the pharmaceutical compositions are capable of being commingled with

the nucleic acid and/or polypeptides of the present invention, and with

each other, in a manner such that there is no interaction that would

substantially impair the desired pharmaceutical efficacy.

Dose of the pharmaceutical compositions of the invention will vary

25 depending on the subject and upon particular route of administration

used. By way of an example only, an overall dose range of from about, for

example, 1 microgram to about 300 micrograms is contemplated for

human use. This dose can be delivered on at least two separate occasions,

preferably spaced apart by about 4 weeks. Pharmaceutical compositions of

30 the present invention can also be administered to a subject according to a

variety of other, well-characterized protocols. For example, certain

currently accepted immunization regimens can include the following: (i)
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Recommended administration times are a first dose at elected date; a

second dose at 1 month after first dose; and a third dose at 5 months after

second dose. See Product Information, Physician's Desk Reference, Merck

Sharp & Dohme (1990), at 1442-43. (e.g., Hepatitis B Vaccine-type

5 protocol); (ii) Recommended administration for children is first dose at

elected date (at age 6 weeks old or older); a second dose at 4-8 weeks after

first dose; a third dose at 4-8 weeks after second dose; a fourth dose at 6-

12 months after third dose; a fifth dose at age 4-6 years old; and additional

boosters every 10 years after last dose. See Product Information,

10 Physician s Desk Reference , Merck Sharp & Dohme (1990), at 879 (e.g.,

Diptheria, Tetanus and Pertussis-type vaccine protocols). Desired time

intervals for delivery of multiple doses of a particular composition can be

determined by one of ordinary skill in the art employing no more than

routine experimentation.

15 The polypeptides of the invention may also be administered ^er se

(neat) or in the form of a pharmaceutical^ acceptable salt. When used in

medicine, the salts should be pharmaceutically acceptable, but non-

pharmaceutically acceptable salts may conveniently be used to prepare

pharmaceutically acceptable salts thereof and are not excluded from the

20 scope of this invention. Such pharmaceutically acceptable salts include,

but are not limited to, those prepared from the following acids:

hydrochloric, hydrobromic, sulfuric, nitric, phosphoric, maleic, acetic,

salicylic, p-toluene-sulfonic, tartaric, citric, methanesuiphonic, formic,

malonic, succinic, naphthalene-2-sulfonic, and benzenesulphonic. Also,

25 pharmaceutically acceptable salts can be prepared as alkaline metal or

alkaline earth salts, such as sodium, potassium or calcium salts of the

carboxylic acid group. Thus, the present invention also provides

pharmaceutical compositions, for medical use, which comprise nucleic

acid and/ or polypeptides of the invention together with one or more

30 pharmaceutically acceptable carriers thereof and optionally any other

therapeutic ingredients.

The compositions include those suitable for oral, rectal, topical,
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nasal, ophthalmic or parenteral administration, all of which may be used

as routes of administration using the materials of the present invention.

Other suitable routes of administration include intrathecal administration

directly into spinal fluid (CSF), direct injection onto an arterial surface and

5 intraparenchymal injection directly into targeted areas of an organ.

Compositions suitable for parenteral administration are preferred. The

term "parenteral" includes subcutaneous injections, intravenous,

intramuscular, intrasternal injection or infusion techniques.

The compositions may conveniently be presented in unit dosage

10 form and may be prepared by any of the methods well known in the art of

pharmacy. All methods include the step of bringing the active ingredients *

of the invention into association with a carrier which constitutes one or

more accessory ingredients.

Compositions of the present invention suitable for oral

15 administration may be presented as discrete units such as capsules,

cachets, tablets or lozenges, each containing a predetermined amount of

the nucleic acid and/ or polypeptide of the invention in liposomes or as a

suspension in an aqueous liquor or non-aqueous liquid such as a syrup,

an elixir, or an emulsion.

20 Preferred compositions suitable for parenteral administration

conveniently comprise a sterile aqueous preparation of the nucleic acid

and/ or polypeptides of the invention which is preferably isotonic with the

blood of the recipient. This aqueous preparation may be formulated

according to known methods using those suitable dispersing or wetting

25 agents and suspending agents. The sterile injectable preparation may also

be a sterile injectable solution or suspension in a non-toxic parenterally-

acceptable diluent or solvent, for example as a solution in 1,3-butane diol.

Among the acceptable vehicles and solvents that may be employed are

water, Ringer's solution and isotonic sodium chloride solution. In

30 addition, sterile, fixed oils are conventionally employed as a solvent or

suspending medium. For this purpose any bland fixed oil may be

employed including synthetic mono- or diglycerides. In addition, fatty
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acids such as oleic acid find use in the preparation of injectibles.

The nucleic acids and/or polypeptides of the present invention can

also be conjugated to a moiety for use in vaccines. The moiety to which

the nucleic acids and/ or polypeptides is conjugated can be a protein,

5 carbohydrate, lipid, and the like. The chemical structure of this moiety is

not intended to limit the scope of the invention in any way. The moiety to

which nucleic acids and/ or polypeptides may be bound can also be an

adjuvant. The term "adjuvant" is intended to include any substance which

is incorporated into or administered simultaneously with the nucleic acids

10 and/or polypeptides of the invention which potentiates the immune

response in the subject. Adjuvants include aluminum compounds, e.g.,

gels, aluminum hydroxide and aluminum phosphate gels, and Freund's

complete or incomplete adjuvant. The paraffin oil may be replaced with

different types of oils, e.g., squalene or peanut oil. Other materials with

15 adjuvant properties include BCG (attenuated Mycobacterium tuberculosis ),

calcium phosphate, levamisole, isoprinosine, polyanions (e.g., poly A:U),

leutinan, pertussis toxin, lipid A, saponins and peptides, e.g., muramyl

dipeptide. Rare earth salts, e.g., of lanthanum and cerium, may also be

used as adjuvants. The amount of adjuvant required depends upon the

20 subject and the particular therapeutic used and can be readily determined

by one skilled in the art without undue experimentation.

IDENTIFICATION OF FACTORS THAT INTERACT WITH MSH5

POLYPEPTIDE PRODUCTS OF THE INVENTION

25 The nucleotide sequences and polypeptides of the invention can be

used to identify interacting factors. Identifying those proteins that interact

with the polypeptide of SEQ ID NO.:2 should further identify other proteins

that act in mismatch repair. Yeast provides a particularly powerful system

for genetic identification of interacting factors. In addition to genetic

30 methods, several biochemical methods, such as co-immunoprecipitation

and protein affinity chromatography can be used to identify interacting

proteins.
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Biochemical methods

In one embodiment of the invention, co-immunoprecipitation is used

to identify proteins that interact with the isolated polypeptides of the

5 invention, such as the polypeptides of SEQ ID NOS.:2 and SEQ ID NO.:54.

Co-immunoprecipitation has proven useful for identifying interacting

proteins (see, for example, Kolodziej and Young, Methods Enzymol.

194:508, 1991, incorporated herein by reference; Pallas et al., J. Virol

62:3934, 1988, incorporated herein by reference).

10 In one preferred embodiment of the invention, the polypeptide of

SEQ ID NO.:2 may be engineered using standard methods to contain a flu -

12CA5 epitope tag (Kolodziej and Young, supra) at either or both the N-

terminus and the C-terminus. It may be necessary to insert the epitope at

internal locations. The tagged protein may then tested for the ability to

15 provide mismatch repair function in yeast cells whose endogenous copy of

the MSH5 gene has been inactivated. If functional tagged proteins cannot

be produced, polyclonal or monoclonal antisera raised against antigenic

determinants on the polypeptide of SEQ ID NO.:2 may be used.

Tagged protein is expressed in log or stationary phase, in mitotic

20 cells or in meiotic cells. Different levels of expression (e.g. native promoter,

cen vector; GAL10 promoter, cen vector; GAL10 promoter, 2 F based vector)

can be tested. The cells are lysed and the tagged protein is precipitated

using the flu 12CA5 antibody (or the polyclonal antisera raised against

SEQ ID NO.:2 determinants) and analyzed by one and two dimensional gel

25 electrophoresis to detect proteins that co-precipitate (Koloddziej and Young

1991, supra ; Pallas et al.

.

supra) .

The specificity of co-precipitation is evaluated in experiments in

which untagged, rather than tagged protein is expressed and in which

tagged protein is expressed and control mouse antisera are substituted for

30 the flu 12CA5 antibody. Sensitivity to salt and different detergents like

SDS, NP40 and digitonin are used to evaluate the stability and specificity

of observed interactions. The possibility that such interactions require
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mispaired bases can be tested by adding oligonucleotide duplexes

containing mispaired bases and control oligonucleotide duplexes lacking

mispaired bases to the cell extracts prior to addition of antibody.

If interacting proteins are found, gel electrophoresis or

5 immunaffinity chromatography can be used to purify sufficient amounts to

obtain N-terminal and internal protein sequences by standard techniques

(see, for example, Matsudaira J. Biol. Chem. 262:10035-10038, 1987,

incorporated herein by reference). This sequence information can then be

used for comparison with DNA and protein databases and for cloning the

10 genes encoding the proteins for use in reverse genetics analysis and

protein overproduction. An identical protocol may be performed with the

polypeptide of SEQ ID NO.: 54, or any other polypeptide that is encoded by

a MSH5 nucleotide sequence of the invention.

In another embodiment of the invention, proteins that interact with

15 the polypeptides of the invention, in particular with polypeptides of SEQ ID

NOS.:2 and/or 54, may be identified using a protein affinity column on

which these proteins are immobilized. (See, Formosa et al., Proc. Nat.

Acad. Sci., USA, 80:2442, 1983. For example, 1 to 10 mg of protein can be

covalently linked to AffiGel-10 (made by BioRad Laboratories, Richmond,

20 CA) or equivalent matrix. Parallel chromatography experiments on a

column containing a polypeptide of the invention (e.g., SEQ ID NO.: 2) and

a control BSA column can be performed to identify proteins that

specifically bind to the polypeptide of the invention. Identified interacting

proteins can be N-terminal sequenced as described above. Also, antibodies

25 can be produced to react with identified interacting proteins. Such

antibodies can then be used, for example, to screen expression libraries to

facilitate cloning of genes that encode the identified interacting proteins.

Once interacting proteins have been identified and isolated, biochemical

experiments may be performed to assess the functional significance of

30 their interaction with the polypeptides of the invention (e.g., SEQ ID

NO.:2). Such experiments include determining: 1) if the interacting

protein(s) enhance a specific activity such as the mispair binding activity of
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the polypeptide of the invention; 2) if the interacting protein(s) restore

function to inactive in vitro systems; and 3) if the interacting protein(s)

substitute for any required protein fractions in in vitro reconstitution

experiments. For a description of a representative in vitro system, see

5 Muster-Nassal and Kolodner, Proc. Nat. Acad. Sci., USA,83:7618 (1986),
(

incorporated herein by reference.

Biochemical methods can also be used to test for specific

interactions between isolated polypeptides of the invention and already

known proteins, for example proteins involved in DNA replication or

10 recombination. In one approach, these known proteins can be immobilized

on nitrocellulose filters or other supports, the support blocked to prevent

non-specific binding, incubated with an epitope-tagged polypeptide of the

invention and then probed with antibody reactive with the epitope tag (for

example, the 12CA5 flu antibody) to detect epitope-tagged polypeptides of

15 the invention that have bound to the filter by interaction with the

immobilized known protein. Non-epitope-tagged polypeptides of the

invention can be used instead in combination with antisera reactive

against antigenic determinants of those polypeptides.

When interacting proteins have been cloned, standard methods

20 including mutagenesis and others described in this application can be

used to determine the cellular function(s) of those proteins, e.g., mismatch

repair, chromosomal segregation, other types of DNA repair, DNA

replication, recombination, and so on.

Once proteins have been identified that interact with an isolated

25 polypeptide of the invention, similar types of experiments can be

performed to identify proteins that interact with those newly identified

proteins. By systematically applying this approach, it may be possible to

identify a number of proteins that function in mismatch repair and

simultaneously gain insight into the mechanism by which they act.

30

Genetic methods

Alternately, or additionally, genetic methods can also be used to
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identify proteins that interact with polypeptides of the invention.

For example, one method is the two hybrid system described by

Chien etal., Proc. Nat. Acad. Sci. USA., 88:9578 (1991), incorporated

herein by reference. This method may be used to identify proteins that

5 interact with polypeptides of the invention. For example, the N-terminal

half of SEQ ID NO.:2 may contain at least one region that interacts with

other proteins (Reenan and Kolodner, Genetics 132:963, supra). This

region may be fused at the end of amino acids 1- 147 of the Gal4 protein to

make a fusion protein that will bind to the Gal4 site in DNA.

10 The fusion protein can then be used to screen an available library of

yeast DNA fragments fused to the Gal4 activation domain for activation of

a GALl-LacZ reporter. Positives can be rescreened to eliminate plasmids

from the library that activate in the absence of the SEQ ID NO.:2

polypeptide segment. The remaining positive clones may be used to isolate

15 disruptions of the yeast genes from which the sequences on the library

plasmids originated. Cells containing such disruptions may be analyzed to

determine if the disruptions affect spontaneous mutation rate, gene

conversion, repair of plasmids containing mispaired bases, and/or genomic

stability of short repeated DNA sequences, as would be expected for

20 disruption of a gene involved in mismatch repair. This method is rapid

since the required libraries are readily available from any of several

sources, for example, Dr. Roger Brent at the Massachusetts General

Hospital. It is straightforward to determine if any cloned genes have

properties consistent with a role in mismatch repair. Libraries of DNA
25 fragments from eukaryotic organisms other than yeast that are fused to

Gal4 for an activation domain can also be screened. Such libraries can be

made by using standard methods.

An alternate genetic method that can be used to identify proteins

that interact with polypeptides of the invention and the genes that encode

30 them is to use secondary mutation analysis. For example, yeast cells or

mammalian cells carrying a mutation in the MSH5 gene, corresponding to

SEQ ID NO.:l or other mammalian homologue can be mutagenized and
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screened to identify secondary mutations that either correct or augment
the mismatch repair defects of the original, MSH5 disrupted cells.

Mutagenized cells can be assayed for effects on, for example, spontaneous
mutation rate, gene conversion, repair of plasmids containing mispaired

5 bases, and genomic stability of short repeated DNA sequences, as already

described in this application.
'

Secondary mutations that correct defects of the MSH5-disrupted

cells are termed "suppressors". Suppressor mutations can be isolated in

genes that interact with MSH5. For explanation of the logic in isolating

10 suppressor mutations and protocols involved see, for example, Adams and
Botstein, Genetics 121: 675-683 (1989); Novick et al, Genetics 121: 659-

674 (1989); Jarvik and Botstein, Proc. Nat. Acad. Sci. USA 72: 2738-2742
(1975), all of which are incorporated herein by reference. Those genes can
then be cloned and sequenced by standard protocols.

15 Secondary mutations that augment the mismatch repair defects of

the original, MSH5-disrupted cells can sometimes have extreme effects, to

the extent the mutagenized cells are no longer viable. Such secondary
mutations are referred to as "synthetic lethals". For an explanation of the
logic and protocols involved in identifying these mutations, see Kranz and

20 Holm, Proc. nat. Acad. Sci., USA 87: 6629-6633, (1990). incorporated

herein by reference. The effects of synthetic lethal mutations can be
assayed in the presence or absence of DNA damaging agents such as UV
light, nucleotide analogs, alkylating agents, etc. As mentioned above, it is

desirable for the possible development of therapeutic agents effective

25 against cancer to identify circumstances under which DNA damaging
agents are lethal to host cells bearing an inactivated eukaryotic nucleotide

sequence of the invention. In this case, studies of synthetic lethality in

yeast can be used to identify genes that, when mutated, render MSH5-
disrupted cells sensitive to DNA damaging agents.

30 Such genes would be logical targets for chemotherapy development.

Agents, such as antisense reagents or other soluble enzyme inhibitors, for

example, that inactivate such genes might render tumors having an altered
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endogenous copy of SEQ ID NO.: 1; sensitive to DNA damaging agents such

as nucleotide analogs, light, alkylating agents, or other therapeutic agents.

EXPRESSION OF PATHWAY MEMBERS

5 Recombinant vectors containing nucleotide sequences of the

invention can be introduced into host cells by, for example, by

transformation, transfection, infection, electroporation, etc. Recombinant

vectors can be engineered such that the mammalian nucleotide sequences

of the invention are placed under the control of regulatory elements (e.g.

10 promoter sequences, polyadenylation signals, etc.) in the vector sequences.

Such regulatory elements can function in a host cell to direct the

expression and/ or processing of nucleotide transcripts and/ or polypeptide

sequences encoded by the mammalian nucleotide sequences of the

invention.

15 Expression systems can utilize prokaryotic and/or eukaryotic (i.e.,

yeast, human) cells. See, for example, "Gene Expression Technology",

Volume 185, Methods in Enzvmologv , (ed. D.V. Goeddel), Academic Press

Inc., (1990) incorporated herein by reference. A large number of vectors

have been constructed that contain powerful promoters that generate large

20 amounts of mRNA complementary to cloned sequences of DNA introduced

into the vector. For example, and not by way of limitation, expression of

eukaryotic nucleotide sequences in E. coli may be accomplished using lac,

trp, lambda, and recA promoters. See, for example, "Expression in

Escherichia coif, Section II, pp. 1 1-195, V. 185, Methods in Enzymology ,

25 supra ; see also Hawley, D.K., and McClure, W.R., " Compilation and

Analysis of Escherichia coli promoter DNA sequences", Nucl. Acids Res., 11:

4891-4906 (1983), incorporated herein by reference. Expression of

mammalian nucleotide sequences of the invention, and the polypeptides

they encode, in a recombinant bacterial expression system can be readily

30 accomplished.

Yeast cells suitable for expression of the mammalian nucleotide

sequences of the invention, and the polypeptides they encode, include the

JNSDOCID: <WO 9901550A1_I_>
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many strains of Saccharomyces cerevisiae (see above) as well as Pichia

pastoris. See, "Heterologous Gene Expression in Yeast", Section IV, pp.

231-482, V. 185, Methods in Enzvmology . supra , incorporated herein by

reference. Moreover, a large number of vector-mammalian host systems

5 known in the art may be used. See, Sambrook et al., Volume III, supra

and "Expression of Heterologous Genes in Mammalian Cells", Section V,

pp. 485-596, V. 185, Methods in Enzvmologv , supra ,
incorporated herein

by reference.

Suitable expression systems include those that transiently or stably

10 expressed DNA and those that involve viral expression vectors derived from

simian virus 40 (SV 40), retroviruses, and baculoviruses. These vectors

usually supply a promoter and other elements such as enhancers, splice

acceptor and/or donor sequences, and polyadenylation signals. Possible

vectors include, but are not limited to, cosmids, plasmids.or modified

15 viruses, but the vector system must be compatible with the host cell used.

Viral vectors include, but are not limited to, vaccinia virus, or lambda

derivatives. Plasmids include, but are not limited to, pBR322, pUC, or

Bluescript7 (Stratagene) plasmid derivatives. Recombinant molecules can

be introduced into host cells via transformation, transfection, infection,

20 electroporation, etc. Generally, expression of a protein in a host is

accomplished using a vector containing DNA encoding that protein under

the control of regulatory regions that function in the host cell.

In particular, expression systems that provide for overproduction of

a MSH5 protein can be prepared using, for example, the methods

25 described in U.S. Patent 4,820,642 (Edman et al., April 11, 1989),

incorporated herein by reference. The general requirements for preparing

one form of expression vector capable of overexpression are: (1) the

presence of a gene (e.g., a prokaryotic gene) into which a MSH5 nucleotide

sequence can be inserted; (2) the promoter of this prokaryotic gene; and

30 (3) a second promoter located upstream from the prokaryotic gene

promoter which overrides the prokaryotic gene promoter, resulting in

overproduction of the extracellular matrix protein. The second promoter is
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obtained in any suitable manner. Possible host cells into which

recombinant vectors containing eukaryotic nucleotide sequences of the

invention can be introduced include, for example, bacterial cells, yeast

cells, mammalian cells in tissue culture or in situ.

5 Eukaryotic nucleotide sequences of the invention that have been

introduced into host cells can exist as extra-chromosomal sequences or

can be integrated into the genome of the host cell by homologous

recombination, viral integration, or other means.

Standard techniques such as Northern blots and Western blots can

10 be used to determine that introduced sequences are in fact being

expressed in the host cells.

The MSH5 gene can be introduced into a host (target) cell by any

method which will result in the uptake and expression of the MSH5 gene

by the target cells. These can include vectors, liposomes, naked DNA,

15 adjuvant-assisted DNA, catheters, etc. Vectors include chemical

conjugates such as described in WO 93/04701, which has a targeting

moiety (e.g. a ligand to a cellular surface receptor) and a nucleic acid

binding moiety (e.g. polylysine), viral vectors (e.g. a DNA or RNA viral

vector), fusion proteins such as described in PCT/US 95/02140 (WO

.20 95/226 1 8) which is a fusion protein containing a target moiety (e.g. an

antibody specific for a target cell) and a nucleic acid binding moiety (e.g. a

protamine), plasmids, phage, etc. The vectors can be chromosomal, non-

chromosomal or synthetic.

Preferred vectors include viral vectors, fusion proteins and chemical

25 conjugates. Retroviral vectors include moloney murine leukemia viruses

and HIV-based viruses. One preferred HIV-based viral vector comprises at

least two vectors wherein the gag and pol genes are from an HIV genome

and the env gene is from another virus. DNA viral vectors are preferred.

These vectors include pox vectors such as orthopox or avipox vectors,

30 herpesvirus vectors such as a herpes simplex I virus (HSV) vector [Geller,

A.I. et al, J.Neurochem, 64:487 (1995); Lim, F., et al y in DNA Cloning:

Mammalian Systems, D. Glover, Ed. (Oxford Univ. Press, Oxford England)
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(1995); Geller, A.I. et ah, Proc Natl. Acad: Sci.: U.S.A.:90 7603 (1993);

Geller, A.I., et a/., Proc Natl. Acad. Sci USA: 87:1 149 (1990)), adenovirus

vectors [LeGal LaSalle et al., Science, 259:988 (1993); Davidson, et al> Nat

Genet 3: 219 (1993); Yang, et al, J. Virol 69: 2004 (1995)] and adeno-

5 associated virus vectors (Kaplitt, M.G., et al Nat. Genet. 8:148 (1994)].

Pox viral vectors introduce the gene into the cells cytoplasm. Avipox

virus vectors result in only a short term expression of the MSH5 gene.

Adenovirus vectors, adeno-associated virus vectors and herpes simplex

virus (HSV) vectors are preferred for introducing the MSH5 gene into

10 neural cells. The adenovirus vector results in a shorter term expression

(about 2 months) than adeno-associated virus (about 4 months), which in

turn is shorter than HSV vectors. The particular vector chosen will depend

upon the target cell and the condition being treated. The introduction can

be by standard techniques, e.g. infection, transfection, transduction or

15 transformation. Examples of modes of gene transfer include naked DNA,

CaPCU precipitation, DEAE dextran, electroporation, protoplast fusion,

lipofection, cell microinjection, viral vectors, etc.

In one method of expressing a human MSH5 nucleotide sequence

and the polypeptide it encodes, a cDNA clone that contains the entire

20 coding region of the polypeptide (e.g. SEQ ID NO.: 1) is cloned into a

eukaryotic expression vector and transfected into cells such as cells

derived from the simian kidney (e.g., COS-7 cells). Expression is

monitored after transfection by, for example, Northern , Southern, or

Western blotting.

25 Host cells carrying such introduced sequences can be analyzed to

determine the effects that sequence introduction has on the host cells. In

particular, cells could be assayed for alterations in the rate of

accumulation of spontaneous mutations (e.g. by the rate of spontaneous

mutation to drug resistance), in the rate of reversion of mutations, in the

30 frequency of homologous recombination, in the frequency of recombination

between divergent sequences, or in the genomic stability of short repeated

sequences. In particular, mammalian cells carrying introduced sequences
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of the invention could be tested for the stability of di- and trinucleotide

repeats by the method of Schalling et al (Schalling et al. Nature.

Genetics, 4:135, 1993, incorporated herein by reference.), or for sensitivity

to agents that induce DNA damage such as UV-light, nucleotide analogs,

5 etc.

In particular embodiments, a nucleotide sequence of the invention

may be used to inactivate an endogenous gene by homologous

recombination, and thereby create a MSH5 gene-deficient cell, tissue, or

animal. For example, and not by way of limitation, a recombinant human

10 nucleotide sequence of the present invention may be engineered to contain

an insertional mutation (e.g., the neo gene) which, when inserted,

inactivates transcription of an endogenous MSH5 gene. Such a construct,

under the control of a suitable promoter operatively linked to a nucleotide

sequence of the invention, may be introduced into a cell by a technique

15 such as transformation, transfection, transduction, injection, etc. In

particular, stem cells lacking an intact endogenous MSH5 gene may

generate transgenic animals deficient in that mismatch repair gene, and

the polypeptide it encodes, via germ line transmission.

In a specific embodiment of the invention, an endogenous MSH5

20 gene in a cell may be inactivated by homologous recombination with a

mutant MSH5 gene, thereby allowing the development of a transgenic

animal from that cell, which animal lacks the ability to express the

encoded mismatch repair gene polypeptide. In another embodiment, a

construct can be provided that, upon transcription, produces an Aanti-

25 sense" nucleic acid sequence which, upon translation, will not produce the

required mismatch repair gene polypeptide.

A Atransgenic animal® is an animal having cells that contain

mammalian DNA which has been artificially inserted into a cell, which

DNA becomes part of the genome of the animal that develops from that

30 cell. The preferred DNA contains human MSH5 nucleotide sequences.

The mammalian gene may be entirely foreign to the transgenic animal or

may be identical to the natural gene of the animal, but which is inserted

.9901550Al_l_>
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into the animal's genome at a location which differs from that of the

natural copy. Transgenic animals provide good model systems for studying

the development of cancer, problems with chromosomal segregation the

effects of potential therapeutic reagents, and the carcinogenicity of

5 chemical agents administered to the animals.

FUNCTIONAL EQUIVALENTS AND UNIQUE FRAGMENTS OF ISOLATED

NUCLEOTIDE SEQUENCES AND POLYPEPTIDES

This invention pertains to isolated mammalian MSH5 nucleotide

10 sequences their functional equivalents, or unique fragments of these

sequences, that may be used in accordance with this the invention.

Nucleotide sequences or "probes" that are capable of hybridizing are also

included. Additionally, the isolated polypeptides encoded by these

sequences, and unique fragments of the polypeptides, may also be used in

15 accordance with the invention. The polypeptides can be used, for example

to raise an antibody to a unique sequence.

The term "unique fragment" refers to any portion of a mammalian

MSH5 nucleotide sequence or polypeptide of the invention that as of the

filing date of this application has been found only among the nucleotide or

20 amino acid sequences and has not otherwise been identified as of this date

in a public data base.

For example, because the exact nucleotide MSH5 sequence is

known for two mammalian homologues (SEQ ID NOs.: 1 and 54) one of

ordinary skill in the art can readily determine the portions of the human or

25 murine homologues that have not been publicly found in other nucleotide

sequences as of the filing date. Moreover, numerous public data bases are

known and one can rapidly compare a putative unique sequence with the

database.

The term "unique fragment" can refer to a nucleotide or amino acid

30 sequences that is found in all mammalian MSH5 homologues or their

encoded proteins, or to nucleotide or amino acid sequences that are found

in only one homologue (e.g., human) and absent from other homologues
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(e.g., murine).

"Unique fragments" can be practically defined by the use of

computer programs capable of comparing nucleic acid and/or polypeptide

sequences. In particular a computer program such as the HYPERBLAST

5 program (Altschul et aL J. Mol. Biol. 215:403-410, 1990, incorporated

herein by reference) can be used to translate a DNA sequence in all

possible reading frames and then to search known databases (e.g.

GenBank, PIR, SWIS-PROT) for similar or identical sequences.

PCR can be used to generate unique fragments of the homologues of

10 the invention.

Preferred unique fragments of a nucleotide sequence are between

length 15 and 6000 nucleotides (nt.), with particularly preferred fragments

being less than approximately 3000 nt long. Preferably, the fragment is at

least 6 amino acids, more preferably at least 20 nucleotides in length.

15 More preferably, the fragment is at least 25 nucleotides. Unique fragments

of a nucleotide sequence may be single-stranded.

Preferred unique fragments of a polypeptide are between

approximate 5 and 100 amino acids in length. More preferably at least 12

amino acids in length, still more preferably at least 20 amino acids in

20 length.

The term "functional equivalent", when applied to the nucleotide

sequences of the invention, describes a sequence that satisfies one of the

following conditions: (i) the nucleotide sequence in question can hybridize

to a MSH5 nucleotide sequence, but it does not necessarily hybridize to

25 that sequence with an affinity that is the same as that of the naturally

occurring nucleotide sequence (ii) the nucleotide sequence in question can

serve as a probe to distinguish between MSH5 nucleotide sequences and

other nucleotide sequences.

For example, the human cDNA clone SEQ ID NO.: 1 is an MSH5

30 gene. However, due to normal sequence variation within the human

population, clones derived from different libraries would likely show

sequence variability relative to the clone of SEQ ID NO.: 1. In particular, in

BNSDOCID: <WO 9901550A1J_> ,
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some instances, the phenomenon of codon degeneracy (see below), will

contribute to nucleotide differences without differences in the amino acid

sequence of the encoded protein. In other cases, even the protein

sequence may vary somewhat. In most instances, the changes are

5 insignificant and the nucleotide and amino acid sequences are functionally

equivalent. As discussed below, such equivalence can be empirically *

determined by comparisons of structural and/or functional characteristics.

Due to the degeneracy of nucleotide coding sequences (see Alberts

et al„ Molecular Biology of the Cell, Garland Publishing, New York and

10 London, 1989- page 103, incorporated herein by reference), other nucleic

acid sequences may be used in the practice of the present invention.

These include, but are not limited to, sequences based upon SEQ ID NO:l

that have been altered by the substitution of different codons encoding the

same amino acid residue within the sequence, thus producing a silent

15 change. Almost every amino acid except tryptophan and methionine is

represented by several codons. Often the base in the third position of a

codon is not significant, because those amino acids having 4 different

codons differ only in the third base. This feature, together with a

tendency for similar amino acids to be represented by related codons,

20 increases the probability that a single, random base change will result in

no amino acid substitution or in one involving an amino acid of similar

character. Such degenerate nucleotide sequences are regarded as

functional equivalents of the specifically claimed sequences.

The nucleotide sequences of the invention (e.g. SEQ ID NOs.:l-54)

25 can be altered by mutations such as substitutions, additions or deletions

that provide for functionally equivalent nucleic acid sequence. In

particular, a given nucleotide sequence can be mutated in vitro or in vivo ,

to create variations in coding regions and/or to form new restriction

endonuclease sites or destroy preexisting ones and thereby to facilitate

30 further in vitro modification. Any technique for mutagenesis known in the

art can be used including, but not limited to, in vitro site-directed

mutagenesis (Hutchinson, et al., J. Biol. Chem. 253:6551, 1978), use of
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TAB7 linkers (Pharmacia), PCR-directed mutagenesis, and the like. The

functional equivalence of such mutagenized sequences, as compared with

un-mutagenized sequences, can be empirically determined by comparisons

of structural and/ or functional characteristics.

5 According to the invention, an amino acid sequence is Afunctionally

equivalent" compared with the sequences depicted in, for example, SEQ ID

NO.:2 if the amino acid sequence contains one or more amino acid

residues within the sequence which can be substituted by another amino

acid of a similar polarity which acts as a functional equivalent. The term

10 "functionally equivalent", when applied to the amino acid sequences of the

invention, also describes the relationship between different amino acid

sequences whose physical or functional characteristics are substantially

the same. Substitutions, deletions or insertions of amino acids often do

not produce radical changes in the physical and chemical characteristics

15 of a polypeptide, in which case polypeptides containing the substitution,

deletion, or insertion would be considered to be functionally equivalent to

polypeptides lacking the substitution, deletion, or insertion.

Functionally equivalent substitutes for an amino acid within the

sequence may be selected from other members of the class to which the

20 amino acid belongs. The non-polar (hydrophobic) amino acids include

alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan and

methionine. The polar neutral amino acids include glycine, serine,

threonine, cysteine, tyrosine, asparagine, and glutamine. The positively

charged (basic) amino acids include arginine, lysine and histidine. The

25 negatively charged (acidic) amino acids include aspartic acid and glutamic

acid.

Substantial changes in functional or, for example, immunological

properties may be avoided by selecting substitutes that do not differ from

the original amino acid residue. More significantly, the substitutions can

30 be chosen for their effect on: (i) maintaining the structure of the peptide

backbone in the area of the substitution, for example, as a sheet or helical

conformation; (ii) maintaining the charge or hydrophobicity of the molecule
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at the target side; or (iii) maintaining the bulk of the side chain. The
substitutions that in general could expected to induce greater changes,

and therefore should be avoided, are those in which: (a) glycine and/or
proline is substituted by another amino acid or is deleted or inserted; (b) a

5 hydrophilic residue, e.g., seryl or threonyl, is substituted for (or by) a
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, or alanyl; (c) a
cysteine residue is substituted for (or by) any other residue; (d) a residue

having an electropositive side chain, e.g., lysyl, arginyl, or histidyl, is

substituted for (or by) a residue having an electronegative charge, e.g.,

10 glutamyl or aspartyl, or (e) a residue having a bulky side chain, e.g.,

phenylalanine, is substituted for one (or by) one not having such a side

chain, e.g., glycine.

Most deletions and insertions in a MSH5 polypeptide and
substitutions in particular, are not expected to produce radical changes in

15 the characteristics of the polypeptide. Nevertheless, when it is difficult to

predict the exact effect of the substitution, deletion, or insertion in

advance of doing so, one skilled in the art will appreciate that the effect will

be evaluated using routine screening assays as described herein and
known in the art. For example, a change in the immunological character

20 of a human MSH5 gene product, such as binding to a given antibody, can
be measured by an immunoassay such as a competitive type

immunoassay.

The functional equivalence of two polypeptide sequences can be

assessed by examining physical characteristics (e.g. homology to a

25 reference sequence, the presence of unique amino and sequences, etc.)

and/or functional characteristics analyzed in vitro or in vivo. For example,

looking at functional equivalents of the proteins of SEQ ID NO.:2. These

functional equivalents may also contain a helix-turn-helix DNA binding

motif, a Mg2+ATP binding domain, and/ or the amino acid sequence

30 TGPNM. These functional equivalents may also be capable of binding to

mismatched base pairs in, for example, a filter-binding assay.

Functional equivalents may also produce a dominant MSH5
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defective phenotype when expressed in E. coli, as detected in an assay

described herein, or may otherwise behave like MSH5 proteins in other

assays herein described or known in the art.

Also included within the scope of the invention are polypeptides or

5 unique fragments or derivatives thereof that are differentially modified

during or after translation, e.g., by phosphorylation, glycosylation,

crosslinking, acylation, proteolytic cleavage, linkage to an antibody

molecule, membrane molecule or other ligand, (Ferguson, et ah, Ann. Rev.

Biochem. 57:285-320, 1988).

10 A molecule containing a mutation relative to the wild-type is also

contemplated. Preferably, the molecule is an isolated and purified DNA

molecule. Preferably, the mutation will effect a function of the encoded

protein. These can be determined by simple assays. Many types of

mutations such as frame-shift and stop mutations can be determined just

15 be sequencing.

Polypeptide fragments of the invention can be produced, for

example, by expressing cloned nucleotide sequences of the invention

encoding partial polypeptide sequences. Alternatively, polypeptide

fragments of the invention can be generated directly from intact

20 polypeptides. Polypeptides can be specifically cleaved by proteolytic

enzymes, including, but not limited to, trypsin, chymotrypsin or pepsin.

Each of these enzymes is specific for the type of peptide bond it attacks.

Trypsin catalyzes the hydrolysis of peptide bonds whose carbonyl group is

from a basic amino acid, usually arginine or lysine. Pepsin and

25 chymotrypsin catalyze the hydrolysis of peptide bonds from aromatic

amino acids, particularly tryptophan, tyrosine and phenylalanine.

Alternate sets of cleaved polypeptide fragments are generated by

preventing cleavage at a site which is susceptible to a proteolytic enzyme.

For example, reaction of the e-amino groups of lysine with

30 ethyltrifluorothioacetate in mildly basic solution yields a blocked amino

acid residue whose adjacent peptide bond is no longer susceptible to

hydrolysis by trypsin. Goldberger et al. Biochem., 1:401 (1962).
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Treatment of such a polypeptide with trypsin thus cleaves only at the

arginyl residues.

Polypeptides also can be modified to create peptide linkages that are

susceptible to proteolytic enzyme catalyzed hydrolysis. For example,

5 alkylation of cysteine residues with P-halo ethylamines yields peptide

linkages that are hydrolyzed by trypsin. Lindley, Nature, 178: 647 (1956).

In addition, chemical reagents that cleave polypeptide chains at specific

residues can be used. Withcop, Adv. Protein Chem. 16: 221 (1961). For

example, cyanogen bromide cleaves polypeptides at methionine residues.

JO Gross & Witkip, J. Am Chem Soc, 83: 1510 (1961). Thus, by treating

MSH5 polypeptides or fragments thereof with various combinations of

modifiers, proteolytic enzymes and/or chemical reagents, numerous
discrete overlapping peptides of varying sizes are generated. These peptide

fragments can be isolated and purified from such digests by

15 chromatographic methods.

Alternatively, polypeptides of the present invention can be

synthesized using an appropriate solid state synthetic procedure. Steward

and Young, Solid Phase Peptide Svnthesis Freemantle, San Francisco, CA
(1968). A preferred method is the Merrifield process. Merrifield, Recent

20 Progress in Hormone Res,, 23: 451 (1967). The activity of these peptide

fragments may conveniently be tested using, for example, a filter binding

or immunologic assay as described herein.

Also within the scope of the invention are nucleic acid sequences or

proteins encoded by nucleic acid sequences derived from the same gene

25 but lacking one or more structural features as a result of alternative

splicing of transcripts from a gene that also encodes the complete

mismatch repair gene, as defined previously.

Nucleic acid sequences complementary to DNA or RNA sequences

encoding polypeptides of the invention or a functionally active portion(s)

30 thereof are also provided. In animals, particularly transgenic animals,

RNA transcripts of a desired gene or genes may be translated into

polypeptide products having a host of phenotypic actions. In a particular
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aspect of the invention, antisense oligonucleotides can be synthesized.

These oligonucleotides may have activity in their own right, such as

antisense reagents which block translation or inhibit RNA function. Thus,

where human polypeptide is to be produced utilizing the nucleotide

5 sequences of this invention, the DNA sequence can be in an inverted

orientation which gives rise to a negative sense (Aantisense") RNA on

transcription. This antisense RNA is not capable of being translated to the

desired product, as it is in the wrong orientation and would give a

nonsensical product if translated.

10

NUCLEOTIDE HYBRIDIZATION PROBES

The present invention also provides an isolated nucleotide "probe"

that is capable of hybridizing to a eukaryotic target sequence that is

homologous to a bacterial mismatch repair gene.

15 A probe is a ligand of known qualities that can bind selectively to a

target. A nucleotide probe according to the invention is a strand of nucleic

acid having a nucleotide sequence that is complementary to a nucleotide

sequence of a target strand. In particular, the nucleotide sequence of a

probe of the present invention is complementary to a sequence found in a

20 mammalian MSH5 nucleotide sequence. In particular, probes that

hybridize to any unique segment of any of SEQ ID NO.:l are included in

the invention. Such probes are useful, for example, in nucleic acid

hybridization assays, Southern and Northern blot analyses, etc.

Hybridization conditions can vary depending on probe length and

25 compositions. Conditions appropriate to a particular probe length and

composition can be readily determined by consultation with standard

reference materials (see Sambrook et al. supra).

A preferred oligonucleotide probe typically has a sequence

somewhat longer than that used for the PCR primers. A longer sequence is

30 preferable for the probe, and it is valuable to minimize codon degeneracy.

A representative protocol for the preparation of an oligonucleotide probe for

screening a cDNA library is described in Sambrook, J. et al., Molecular
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Cloning, Cold Spring Harbor Press, New York, 1989. In general, the probe
is labeled, e.g., 32 p,^ used to screen ciones of a cDNA or genomic
library.

Preferred nucleotide probes are at least 20-30 nucleotides long, and

5 contain at least 15-20 nucleotides that are complimentary to their target

sequence in a eukaryotic nucleotide sequence that is homologous to a
bacterial mismatch repair gene. Preferably, they contain at least 17

contiguous MSH5 nucleotides. More preferably, at least 20 contiguous

MSH5 nucleotides. Preferred nucleotide probes can be radioactively

10 labeled or conjugated to fluorescent tags such as those available from New
England Biolabs (Beverly, MA) or Amersham (Arlington Heights, IL) and
can be used to probe, for example. Southern blots, Northern blots, plaque
lifts, colony lifts, etc. Nucleotide probes of the invention include, for

example, probes made by chemical synthesis and probes generated by
15 PCR.

Preferred nucleotide probes of the invention, be they

oligonucleotides, PCR - generated fragments, or other nucleic acid

sequences (e.g. isolated clones), can be used in the general protocol

described above.

20 Nucleotide probes of the invention can also be used in standard

procedures such as nick translation, 5' end labeling and random priming

(Sambrook et al. supra).

ANTIBODIES

25 The term "antibodies" is meant to include monoclonal antibodies,

polyclonal antibodies and antibodies prepared by recombinant nucleic acid

techniques that are selectively reactive with polypeptides encoded by

eukaryotic nucleotide sequences of the present invention. The term

Aselectively reactive® refers to those antibodies that react with one or

30 more antigenic determinants of a MSH5 polypeptide and do not react to

any appreciable extent with other polypeptides. Antigenic determinants

usually consist of chemically active surface groupings of molecules such as
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amino acids or sugar side chains and have specific three dimensional

structural characteristics as well as specific charge characteristics.

Antibodies can be used for diagnostic applications or for research

purposes.

5 In particular, antibodies may be raised against amino-terminal (N-

terminal) or carboxy-terminal (C-terminal) peptides of a polypeptide

encoded by MSH5 nucleotide sequences.

Generally, to isolate antibodies to a MSH5 polypeptide of the

invention, a peptide sequence that contains an antigenic determinant is

10 selected as an immunogen. This peptide immunogen can be attached to a

carrier to enhance the immunogenic response. Although the peptide

immunogen can correspond to any portion of such a polypeptide, certain

amino acid sequences are more likely than others to provoke an immediate

response, for example, an amino acid sequence including the C-terminal

15 amino acid of a polypeptide encoded by a gene that contains nucleotide

sequences of the invention.

Other alternatives to preparing antibodies that are reactive with a

polypeptide encoded by a human nucleotide sequence of the invention

include: (i) immunizing an animal with a protein expressed by a

20 prokaryotic (e.g., bacterial) or eukaryotic cell; the cell including the coding

sequence for all or part of a MSH5 polypeptide; or (ii) immunizing an

animal with whole cells that are expressing all or a part of a MSH5

polypeptide. For example, a cDNA clone encoding a polypeptide of the

present invention may be expressed in a host using standard techniques

25 (see above; see Sambrook et al., Molecular Cloning; A Laboratory Manual,

Cold Spring Harbor Press, Cold Spring Harbor, New York: 1989) such that

5-20% of the total protein that can be recovered from the host is the MSH5

polypeptide. Recovered proteins can be electrophoresed using PAGE and

the appropriate protein band can be cut out of the gel. The desired protein

30 sample can then be eluted from the gel slice and prepared for

immunization. Alternatively, a protein of interest can be purified by using

conventional methods such as, for example, ion exchange hydrophobic,
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size exclusion, or affinity chromatography.

Once the protein immunogen is prepared, mice can be immunized

twice intraperitoneally with approximately 50 micrograms of protein

immunogen per mouse. Sera from such immunized mice can be tested for

5 antibody activity by immunohistology or immunocytology on any host

system expressing a polypeptide encoded by eukaryotic nucleotide

sequence that is homologous to a bacterial mismatch repair gene and by

ELISA with the expressed polypeptide encoded by a eukaryotic nucleotide

sequence that is homologous to a bacterial mismatch repair gene. For

10 immunohistology, active antibodies of the present invention can be

identified using a biotin-conjugated anti-mouse immunoglobulin followed

by avidin-peroxidase and a chromogenic peroxidase substrate.

Preparations of such reagents are commercially available; for example,

from Zymad Corp., San Francisco, California. Mice whose sera contain

15 detectable active antibodies according to the invention can be sacrificed

three days later and their spleens removed for fusion and hybridoma

production. Positive supernatants of such hybridomas can be identified

using the assays described above and by, for example, Western blot

analysis.

20 To further improve the likelihood of producing an antibody as

provided by the invention, the amino acid sequence of MSH5 polypeptides

may be analyzed in order to identify portions of amino acid sequence which

may be associated with increased immunogenicity. For example,

polypeptide sequences may be subjected to computer analysis to identify

25 potentially immunogenic surface epitopes. Such computer analysis can

include generating plots of antigenic index, hydrophilicity, structural

features such as amphophilic helices or amphophilic sheets and the like.

For preparation of monoclonal antibodies directed toward

polypeptides encoded by a eukaryotic nucleotide sequence of the

30 invention, any technique that provides for the production of antibody

molecules by continuous cell lines may be used. For example, the

hybridoma technique originally developed by Kohler and Milstein (Nature,
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256: 495-497, 1973), as well as the trioma technique, the human B-cell

hybridoma technique (Kozbor et al., Immunology Today, 4:72), and the

EBV-hybridoma technique to produce human monoclonal antibodies, and

the like, are within the scope of the present invention. See, generally

5 Larrick et al., U.S. Patent 5,001,065 and references cited therein. Further,

single-chain antibody (SCA) methods are also available to produce

antibodies against polypeptides encoded by a eukaryotic nucleotide

sequence of the invention (Ladner et al. U.S. patents 4,704,694 and

4,976,778).

10 The monoclonal antibodies may be human monoclonal antibodies or

chimeric human-mouse (or other species) monoclonal antibodies. The

present invention provides for antibody molecules as well as fragments of

such antibody molecules.

Those of ordinary skill in the art will recognize that a large variety of

15 possible moieties can be coupled to antibodies against polypeptides

encoded by a eukaryotic nucleotide sequence that is homologous to a

bacterial mismatch repair gene, or to other molecules of the invention.

See, for example, AConjugate Vaccines," Contributions to Microbiology and

Immunology, J.M. Cruse and R.E. Lewis, Jr (eds), Carger Press, New York,

20 (1989), the entire contents of which are incorporated herein by reference.

Coupling may be accomplished by any chemical reaction that will

bind the two molecules so long as the antibody and the other moiety retain

their respective activities. This linkage can include many chemical

mechanisms, for instance covalent binding, affinity binding, intercalation,

25- coordinate binding and complexation. The preferred binding is, however,

covalent binding. Covalent binding can be achieved either by direct

condensation of existing side chains or by the incorporation of external

bridging molecules. Many bivalent or polyvalent linking agents are useful

in coupling protein molecules, such as the antibodies of the present

30 invention, to other molecules. For example, representative coupling agents

can include organic compounds such as thioesters, carbodiimides,

succinimide esters, diisocyanates, glutaraldehydes, diazobenzenes and
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hexamethylene diamines. This listing is not intended to be exhaustive of

the various classes of coupling agents known in the art but, rather, is

exemplary of the more common coupling agents. (See Killen and
Lindstrom 1984, ASpecific killing of lymphocytes that cause experimental

5 Autoimmune Myesthenia Gravis by toxin-acetylcholine receptor

conjugates." Jour. Immun. 133:1335-2549; Jansen, F.K., H.E. Blythman,

D. Carriere, P. Casella, O. Gros, P. Gros, J.C. Laurent, F. Paolucci, B. Pau,

P. Poncelet, G. Richer, H. Vidal, and G.A. Voisin. 1982. Almmunotoxins:

Hybrid molecules combining high specificity and potent cytotoxicity®.

10 Immunological Reviews 62:185-216; and Vitetta et al., supra).

Preferred linkers are described in the literature. See, for example,

Ramakrishnan, S. et al., Cancer Res. 44:201-208 (1984) describing use of

MBS (M-maleimidobenzoyl-N-hydroxysuccinimide ester). See also,

Umemoto et al. U.S. Patent 5,030,719, describing use of halogenated acetyl

15 hydrazide derivative coupled to an antibody by way of an oligopeptide

linker. Particularly preferred linkers include: (i) EDC (l-ethyl-3-(3-

dimethylamino-propyl) carbodiimide hydrochloride; (ii) SMPT (4-

succinimidyloxycarbonyl-alpha-methyl-alpha-(2-pyridyl-dithio)-toluene

(Pierce Chem. Co., Cat. #21558G); (iii) SPDP (succinimidyl-6 [3-(2-

20 pyridyldithio) propionamido] hexanoate (Pierce Chem. Co., Cat #21651G);
(iv) Sulfo-LC-SPDP (sulfosuccinimidyl 6 [3-(2-pyridyldithio)-propianamide]

hexanoate (Pierce Chem. Co. Cat. #2165-G); and (v) sulfo-NHS (N-

hydroxysulfo-succinimide: Pierce Chem. Co., Cat. #24510) conjugated to

EDC.

25 The linkers described above contain components that have different

attributes, thus leading to conjugates with differing physio-chemical

properties. For example, sulfo-NHS esters of alkyl carboxylates are more
stable than sulfo-NHS esters of aromatic carboxylates. NHS-ester

containing linkers are less soluble than sulfo-NHS esters. Further, the

30 linker SMPT contains a sterically hindered disulfide bond, and can form

conjugates with increased stability. Disulfide linkages, are in general, less

stable than other linkages because the disulfide linkage is cleaved in vitro .
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resulting in less conjugate available. Sulfo-NHS, in particular, can

enhance the stability of carbodimide couplings. Carbodimide couplings

(such as EDC( when used in conjunction with sulfo-NHS, forms esters that

are more resistant to hydrolysis than the carbodimide coupling reaction

5 alone.

Antibodies of the present invention can be detected by any of the

conventional types of immunoassays. For example, a sandwich assay can

be performed in which a polypeptide encoded by a eukaryotic nucleotide

sequence that is homologous to a bacterial mismatch repair gene, as

10 provided by the invention, is affixed to a solid phase. A liquid sample such

as kidney or intestinal fluid containing, or suspected of containing,

antibodies directed against a such a polypeptide of the invention is

incubated with the solid phase. Incubation is maintained for a sufficient

period of time to allow the antibody in the sample to bind to the

15 immobilized polypeptide on the solid phase. After this first incubation, the

solid phase is separated from the sample. The solid phase is washed to

remove unbound materials and interfering substances such as non-

specific proteins which may also be present in the sample. The solid phase

containing the antibody of interest bound to the immobilized polypeptide of

20 the present invention is subsequently incubated with labeled antibody or

antibody bound to a coupling agent such as biotin or avidin. Labels for

antibodies are well-known in the art and include radionuclides, enzymes

(e.g. maleate dehydrogenase, horseradish peroxidase, glucose oxidase,

catalase), fluors (fluorescein isothiocyanate, rhodamine, phycocyanin,

25 fluorescamine), biotin, and the like. The labeled antibodies are incubated

with the solid and the label bound to the solid phase is measured, the

amount of the label detected serving as a measure of the amount of anti-

urea transporter antibody present in the sample. These and other

immunoassays can be easily performed by those of ordinary skill in the art.

30

DEFINITIONS

gene- The term "gene", as used herein, refers to a nucleotide
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sequence that contains a complete coding sequence. Generally, "genes"

also include nucleotide sequences found upstream (e.g. promoter

sequences, enhancers, etc.) or downstream (e.g. transcription termination

signals, polyadenylation sites, etc.) of the coding sequence that affect the

5 expression of the encoded polypeptide.

wild-type— The term "wild-type", when applied to nucleic acids and

proteins of the present invention, means a version of a nucleic acid or

protein that functions in a manner indistinguishable from a naturally-

occurring, normal version of that nucleic acid or protein (i.e. a nucleic acid

10 or protein with wild-type activity). For example, a "wild-type" allele of a

mismatch repair gene is capable of functionally replacing a normal,

endogenous copy of the same gene within a host cell without detectably

altering mismatch repair in that cell. Different wild-type versions of the

same nucleic acid or protein may or may not differ structurally from each

15 other.

non-wild type— The term "non-wild-type" when applied to nucleic

acids and proteins of the present invention, means a version of a nucleic

acid or protein that functions in a manner distinguishable from a

naturally-occurring, normal version of that nucleic acid or protein. Non-

20 wild-type alleles of a nucleic acid of the invention may differ structurally

from wild-type alleles of the same nucleic acid in any of a variety of ways

including, but not limited to, differences in the amino acid sequence of an

encoded polypeptide and/or differences in expression levels of an encoded

nucleotide transcript or polypeptide product.

25 For example, the nucleotide sequence of a non-wild-type allele of a

nucleic acid of the invention may differ from that of a wild-type allele by,

for example, addition, deletion, substitution, and/or rearrangement of

nucleotides. Similarly, the amino acid sequence of a non-wild-type

mismatch repair protein may differ from that of a wild-type mismatch

30 repair protein by, for example, addition, deletion, substitution, and/or

rearrangement of amino acids.

Particular non-wild-type nucleic acids or proteins that, when
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introduced into a normal host cell, interfere with the endogenous

mismatch repair pathway, are termed "dominant negative" nucleic acids or

proteins.

homologous/homologue— The term "homologous", as used herein is

5 an art-understood term that refers to nucleic acids or polypeptides that are

highly related at the level of nucleotide or amino acid sequence. Nucleic

acids or polypeptides that are homologous to each other are termed

"homologues".

The term "homologous" necessarily refers to a comparison between

10 two sequences. In accordance with the invention, two nucleotide

sequences are considered to be homologous if the polypeptides they

encode are at least about 50-60% identical, preferably about 70% identical,

for at least one stretch of at least 20 amino acids. Preferably, homologous

nucleotide sequences are also characterized by the ability to encode a

15 stretch of at least 4-5 uniquely specified amino acids. Both the identity

and the approximate spacing of these amino acids relative to one another

must be considered for nucleotide sequences to be considered to be

homologous. For nucleotide sequences less than 60 nucleotides in length,

homology is determined by the ability to encode a stretch of at least 4-5

20 uniquely specified amino acids.

upstream/downstream— The terms "upstream" and "downstream"

are art-understood terms referring to the position of an element of

nucleotide sequence. "Upstream" signifies an element that is more 5' than

the reference element. "Downstream" refers to an element that is more 3'

25 than a reference element.

intron, exon/intron— The terms "exon" and "intron" are art-

understood terms referring to various portions of genomic gene sequences.

"Exons" are those portions of a genomic gene sequence that encode

protein. "Introns" are sequences of nucleotides found between exons in

30 genomic gene sequences.

sporadic— The term "sporadic" as used herein and applied to

tumors or cancers, refers to tumors or cancers that arise in an individual
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not known to have a genetic or familial pre-disposition to cancer. The

categorization of a tumor or cancer as "sporadic" is, of necessity, based on

available information and should be interpreted in that context. It is

possible, for example, that an individual that inherits a low-penetrance

5 mutation (i.e. a mutation that, statistically, is unlikely to have a dramatic

phenotype) will develop cancer as a result of that mutation (i.e. will have

had a genetic pre-disposition to cancer) but will have had no family history

of cancer. Tumors in that individual might originally be identifiedas

sporadic because the individual was not known to have a genetic

10 predisposition to cancer. The term "sporadic", therefore, is used to

conveniently describe those tumors or cancers that appear to have arisen

independent of inherited genetic motivation, but is not intended to point to

defining molecular distinctions between inherited and sporadic tumors or

cancers.

15 affected — The term "affected", as used herein, refers to those

members of a kindred that either have developed a characteristic cancer

and/or are predicted, on the basis of, for example, genetic studies, to carry

an inherited mutation that confers susceptibility to cancer.

The invention will now be further described in the following

20 examples.

CLONING AND CHARACTERIZATION OF THE HUMAN MSH5 GENE.

The original human EST (clone i.d. 1 15902) was identified by

homology searches of the dbEST using the hMSH2 amino acid sequence.

25 The sequence of this clone was determined from T3 and T7 primers. The

992 bp contig generated showed homology when translated and aligned

with S. cerevisiae MSH5. The original contig corresponds to bp 1908-2900

of the complete cDNA. The 5= end of the cDNA was then cloned in two

consecutive 5= RACE steps. The 3=end was confirmed by 3= RACE.

30 The human genomic locus was cloned by screening a PI human
genomic DNA library by PCR using primers DFCI 23663 (SEQ ID

NO:51)(GAATGGCAGACATCCTCTGA) and DFCI 23876 (SEQ ID
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NO : 52)(GGTATATGCTCTTCCCTGATGA) . The intron-exon junctions of

hMSH5 were characterized by sequencing these clones using primers

derived from the hMSH5 cDNA sequence.

HMSH5 was mapped unambiguously to chromosome 6 by PCR

5 analysis of the NIGMS Human/Roden Somatic Cell Hybrid Mapping Panel

2. Alternative locations of chromosome 1 or 6 had been obtained.

Subsequent demonstration that the chromosome 1 -specific NIGMS line

was actually contaminated with DNA from the chromosome 6-specific line

confirmed the location of the gene on human chromosome 6. Fine

10 mapping to 6p21.3 was completed and reconfirmed by PCR analysis of a

radiation hybrid panel. The actual result was: 7.04cR from

CHLC.GATA4A03.76, at a LOD score of >3. The mapping panel used was

Genebridge 4, obtained from Research Genetics, Inc.

15 The complete cDNA sequence for hMSH5.

(SEQ ID NO:l)

CGCTCCTTTTGCAGGCTCGTGGCGGTCGGTCAGCGGGGCGTTCTCCCACCT

GTAGCGACTCAGGTTACTGAAAAGGCGGGAAAACGCTGCGATGGCGGCAG

CTGGGGGAGGAGGAAGATAAGCGCGTGAGGCTGGGGTCCTGGCGCGTGG

20 TTGGCAGAGGCAGAGACATAAGACGTGCACGACTCGCCCCACAGGGCCTT

CAGACCCCTTCTTTCCAAAGGAGCCTCCAAGCTCATGGCCTCCTTAGGAGC

GAACCCAAGGAGGACACCGCAGGGACCGAGACCTGGGGCGGCCTCCTCC

GGTTTCCCCAGCCCGGCCCCAGTGCCGGGCCCCAGGGAGGCCGAGGAGG

AGGAAGTCGAGGAGGAGGAGGAGCTGGCCGAGATCCATCTGTGTGTGCTG

25 TGGAATTCAGGATACTTGGGCATTGCCTACTATGATACTAGTGACTCCACTAT

CCACTTCATGCCAGATGCCCCAGACCACGAGAGCCTCAAGCTTCTCCAGAG

AGTTCTGGATGAGATCAATCCCCAGTCTGTTGTTACGAGTGCCAAACAGGAT

GAGAATATGACTCGATTTCTGGGAAAGCTTGCCTCCCAGGAGCACAGAGAG

CCTAAAAGACCTGAAATCATATTTTTGCCAAGTGTGGATTTTGGTCTGGAGAT

30 AAGCAAACAACGCCTCCTTTCTGGAAACTACTCCTTCATCCCAGACGCCATG

ACTGCCACTGAGAAAATCCTCTTCCTCTCTTCCATTATTCCCTTTGACTGCCT

CCTCACAGTTCGAGCACTTGGAGGGCTGCTGAAGTTCCTGGGTCGAAGAAG
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AATCGGGGTTGAACTGGAAGACTATAATGTCAGCGTCCCCATCCTGGGCTTT

AAGAAATTTATGTTGACTCATCTGGTGAACATAGATCAAGACACTTACAGTGT

TCTACAGATTTTTAAGAGTGAGTCTCACCCCTCAGTGTACAAAGTGGCCAGT

GGACTGAAGGAGGGGCTCAGCCTCTTTGGAATCCTCAACAGATGCCACTGT

5 AAGTGGGGAGAGAAGCTGCTCAGGCTATGGTTCACACGTCCGACTCATGAC

CTGGGGGAGCTCAGTTCTCGTCTGGACGTCATTCAGTTTTTTCTGCTGCCCC

AGAATCTGGACATGGCTCAGATGCTGCATCGGCTCCTGGGTCACATCAAGA

ACGTGCCTTTGATTCTGAAACGCATGAAGTTGTCCCACACCAAGGTCAGCGA

CTGGiCAGGTTCTCTACAAGACTGTGTACAGTGCCCTGGGCCTGAGGGATGC

10 CTGCCGCTCCCTGCCGCAGTCCATCCAGCTCTTTCGGGACATTGCCCAAGA

GTTCTCTGATGACCTGCACCATATCGCCAGCCTCATTGGGAAAGTAGTGGAC

TTTGAGGGCAGCCTTGCTGAAAATCGCTTCACAGTCCTCCCCAACATAGATC

CTGAAATTGATGAGAAAAAGCGAAGACTGATGGGACTTCCCAGTTTCCTTAC

TGAGGTTGCCCGCAAGGAGCTGGAGAATCTGGACTCCCGTATTCCTTCATG

1 5 CAGTGTCATCTACATCCCTCTGATTGGCTTCCTTCTTTCTATTCCCCGCCTGC

CTTCCATGGTAGAGGCCAGTGACTTTGAGATTAATGGACTGGACTTCATGTT

TCTCTCAGAGGAGAAGCTGCACTATCGTAGTGCCCGAACCAAGGAGCTGGA

TGCATTGCTGGGGGACCTGCACTGCGAGATCCGGGACCAGGAGACGCTGC

TGATGTACCAGCTACAGTGCCAGGTGCTGGCACGAGCAGCTGTCTTAACCC

20 GAGTATTGGACCTTGCCTCCCGCCTGGACGTCCTGCTGGCTCTTGCCAGTG

CTGCCCGGGACTATGGCTACTCAAGGCCGCGTTACTCCCCACAAGTCCTTG

GGGTACGAATCCAGAATGGCAGACATCCTCTGATGGAACTCTGTGCCCGAA

CCTTTGTGCCCAACTCCACAGAATGTGGTGGGGACAAAGGGAGGGTCAAAG

TCATCACTGGACCCAACTCATCAGGGAAGAGCATATACCTCAAACAGGTAG

25 GCTTGATCACATTCATGGCCCTGGTAGGCAGCTTTGTGCCAGCAGAGGAGG

CCGAAATTGGGGCAGTAGACGCCATCTTCACACGAATTCATAGCTGCGAATC

CATCTCCCTTGGCCTCTCCACCTTCATGATCGACCTCAACCAGGTGGCGAAA

GCAGTGAACAATGCCACTGCACAGTCGCTGGTCCTTATTGATGAATTTGGAA

AGGGAACCAACACGGTGGATGGGCTCGCGCTTCTGGCCGCTGTGCTCCGA

30 CACTGGCTGGCACGTGGACCCACATGCCCCCACATCTTTGTGGCCACCAAC

TTTCTGAGCCTTGTTCAGCTACAACTGCTGCCACAAGGGCCCCTGGTGCAGT

ATTTGACCATGGAGACCTGTGAGGATGGCAACGATCTTGTCTTCTTCTATCA
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GGTTTGCGAAGGTGTTGCGAAGGCCAGCCATGCCTCCCACACAGCTGCCCA

GGCTGGGCTTCCTGACAAGCTTGTGGCTCGTGGCAAGGAGGTCTCAGATTT

GATCCGCAGTGGAAAACCCATCAAGCCTGTCAAGGATTTGCTAAAGAAGAA

CCAAATGGAAAATTGCCAGACATTAGTGGATAAGTTTATGAAACTGGATTTG

5 GAAGATCCTAACCTGGACTTGAACGTTTTCATGAGCCAGGAAGTGCTGCCTG

CTGCCACCAGCATCCTCTGAGAGTCCTTCCAGTGTCCTCCCCAGCCTCCTG

AGACTCCGGTGGGCTGCCATGCCCTCTTTGTTTCCTTATCTCCCTCAGACGC

AGAGTTTTTAGTTTCTCTAGAAATTTTGTTTCATATTAGGAATAAAGTTTATTTT

GAAGAAAAAAAAAAAAAAAAAAA

10

The cDNA is 2881 bp, exclusive of the poly-A tail. The translational start is

base 235 (A of ATG). The translational stop is base 2737 (T of TGA).

hMSH5 predicted amino acid sequence.

SEQ ID NO:2)

1 5 MASLGANPRRTPQGPRPGAASSGFPSPAPVPGPREAEEEEVEEEEELAEIHLC

V

LWNSGYLGIAYYDTSDSTIHFMPDAPDHESLKLLQRVLDEINPQSWTSAKQDE

NMTRFLGKLASQEHREPKRPEIIFLPSVDFGLEISKQRLLSGNYSFIPDAMTATE

KILFLSSIIPFDCLLTVRALGGLLKFLGRRRIGVELEDYNVSVPILGFKKFMLTHLV

NIDQDTYSVLQIFKSESHPSVYKVASGLKEGLSLFGILNRCHCKWGEKLLRLWF

20 TRPTHDLGELSSRLDVIQFFLLPQNLDMAQMLHRLLGHIKNVPLILKRMKLSHT

KVSDWQVLYKTVYSALGLRDACRSLPQSIQLFRDIAQEFSDDLHHIASLIGKWD

FEGSLAENRFTVLPNIDPEIDEKKRRLMGLPSFLTEVARKELENLDSRIPSCSVIYI

PLIGFLLSIPRLPSMVEASDFEINGLDFMFLSEEKLHYRSARTKELDALLGDLHC

EIRDQETLLMYQLQCQVLARAAVLTRVLDLASRLDVLLALASAARDYGYSRPRY

25 SPQVLGVRIQNGRHPLMELCARTFVPNSTECGGDKGRVKVITGPNSSGKSrYLK

QVGLITFMALVGSFVPAEEAEIGAVDAIFTRIHSCESISLGLSTFMIDLNQVAKAV

NNATAQSLVLIDEFGKGTNTVDGLALLAAVLRHWLARGPTCPHIFVATNFLSLVQ

LQLLPQGPLVQYLTMETCEDGNDLVFFYQVCEGVAKASHASHTAAQAGLPDKL

VARGKEVSDLIRSGKPIKPVKDLLKKNQMENCQTLVDKFMKLDLEDPNLDLNV

30 FMSQEVLPAATSIL

Sequences of the hMSH5 intron-exon junctions.
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The tildes (~) indicate approximate intron size, estimated by PCR
across the introns. The combined size for introns 9 and 10 (*) is -2200 bp,

as individual size estimates were not made in this case. Introns without

tildes were completely sequenced. Additional intronic sequences generated

5 to date are included in Appendix I.

The coding sequence (end of exon adjacent to each border) is in

capitals and the intronic sequence is lowercase. Consensus splice donor

and acceptor sequences are in bold. Phase indicates border phase, which

means that the border falls after the indicated base of a codon. For example,

10 given a methionine (ATG) codon: phase of 1 means the border falls between

A and T, phase of 2 means the border falls between T and G, while phase of

3 means the border follows the codon. The first intron is in the 5? UTR.

Therefore, phase is not applicable.

15 hMSH5 gene structure:

INTRON phase length 5' border: SEQ ID
# (bp) NO:
1 NA 232 TTCCAAAGG gtaacctccgcgtgacagaa 3

20 2 3-600 CTGGCCGAG gtctctgaggggagtagaaa 4 r. I>

3 1 -1500 TCCAGAGAG gtggggatggaaccatgaat 5 :
•

2.""3

4 1 150 GAAAGCTTG gtaaggacttggtaaaggat 6

5 1733 TGGATTTTG gtatctccttccttttgctt 7

6 3164 CTCCTCACA gtgagattggtcctggggga 8

25 7 2 246 ATTTATGTT gtaggtgattcaccccaacc 9

8 2-626 CACTTACAG gtaaagaggtggaggcatgc 10

9 1
* GCCTCTTTG gtaggtgtgccccatccctc 11

10 2 -2200* GCTGCTCAG gtgagtgggtcccacacata 12

11 3 127 AACGTGCCT gtgagcccagggtggagggc 13

30 12 3-594 CTCTACAAG gtaaggccttccttcttgaa 14

13 3 254 GGGAAAGTA gtgagtagaaggaaaaaggg 15

14 1 145 TTGATGAGA gtgagtgttgggtgtggatg 16

15 3-267 ATCCCTCTG gtgagggcaggagagtgggt 17
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16 3 247 GACTTCATG gtaagaccctcaacctctgt 18

17 1273 AGATCCGGG gtgaggaaaagccagaggtt 19

18 2 114 GAATGGCAG gtaagaatagaggcgggtgg 20

19 3 473 CTCAAACAG gtgaggagaagccctgcagc 21

5 20 3 348 CTCAACCAG gtcaaagggaacaaagggag 22

21 3 209 ACCAACACG gtgaggggagaaactgatga 23

22 3 202 CAGTATTTG gtgaggagaccaatctagct 24

23 3 155 GGCAAGGAG gtgatgagatccaaatgtgc 25

24 2 234 AATGGAAAA gtgcgtatatggccccagtg 26

10

INTRON phase length 5' border: SEQ ID

# (bp) NO:

1 NA232 ctcactttttgcatccgcag AGCCTCCAA 27

2 3-600 ctttcttccttgctggacag ATCCATCTG 28

15 3 1 -1500 gatctctgttctccttccag TTCTGGATG 29

4 1 150 ttttctttcctcccccacag CCTCCCAGG 30

5 1 733 tgcttgcctccctcaaatag GTCTGGAGA 31

6 3 164 cactgctgatcccctcccag GTTCGAGCA 32

7 2 246 tttttgttttctgtcctcag GACTCATCT 33

20 8 2-626 cctccatttctcctcgacag TGTTCTACA 34

9 1* cctgccttatccctcacaag AATCCTCAA 35

10 2 -2200* acccaaaccctcacttccag GCTATGGTT 36

11 3 127 gtaaccttgtctgactgtag TTGATTCTG 37

12 3-594 tttttgtgtttctctcacag ACTGTGTAC 38

25 13 3 254 aacagtacttatctcctcag GTGGACTTT 39

14 1 145 cctgtcttccaccctcgtag AAAAGCGAA 40

15 3-267 ctcctctttactctccccag ATTGGCTTC 41

16 3 247 ctttgaacccctgtacccag TTTCTCTCA 42

17 1273 ccttcctcacccactcccag ACCAGGAGA 43

30 18 2 114 tgcctctccgcccactgcag ACATCCTCT 44

19 3 473 ctgtctccttccctattcag GTAGGCTTG 45

20 3 348 gtccaccttatacccagcag GTGGCGAAA 46

21 3 209 aacctctgccctctttgcag GTGGATGGG 47
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22 3 202 gtcttttattctcttttaag ACCATGGAG 48

caccttcttgcttgtcctag GTCTCAGAT 49

cgattttctctcttcttcag TTGCCAGAC 50

23 3 155

24 2 234

There are 25 exons in the human gene. Their sizes (in bp) are as follows:

1. 221

2. 160

3. 124

10 4. 81

5. 63

6. 122

7. 110

8. 36

15 9. 83

10. 46

11. 139

12. 63

13. 129

20 14. 73

15. 110

16. 81

17. 88

18. 190

25 19. 127

20. 150

21. 75

22. 144

23. 138

30 24. 74

25. 254

BNSOOCID* <WO 9901550A1



WO 99/01550
PCT/US98/13850

58

The estimated size of the hMSH5 gene is 12,974 bp.

CLONING AND CHARACTERIZATION OF THE MOUSE MSH5.

The original segment of the mouse MSH5 gene was obtained by

5 genomic PCR using primers DFCI 24781 (SEQ ID NO: 101)

(CCAGAACTCTCTGGAGAAGC) and DFCI 24931 (SEQ ID

NO: 102)(GTGCTGTGGAATTCAGGATAC), based on the human cDNA

sequence. The sequence of the mouse genomic PCR product was

determined from the same primers. The resulting 76 bp sequence

10 exhibited three nucleotide substitutions relative to the human sequence.

The nucleotide substitutions were conservative (none was predicted to

alter the amino acid sequence of the mouse protein relative to the human

protein). The original genomic PCR product corresponds to bp 213-330 of

the attached mouse cDNA. The 5= end of the cDNA was then cloned by 5=

15 RACE, using this sequence as a starting point. The 3= end was cloned by

RTPCR using primers DFCI NJW100 (SEQ ID NO: 103)

(CTCCACTATCCACTTCATGCCAGATGC) and DFCI 23924 (SEQ ID NO. 104)

(GCTGGGGAGGACACTGGAAGGACTCTCA) after 3= RACE products

generated with DFCI NJW100 proved refractory to cloning.

20 The mMSH5 genomic locus was cloned by screening a PI mouse

embryonic stem cell genomic DNA library by PCR using primers DFCI

24781 (SEQ ID NO: 101) (CCAGAACTCTCTGGAGAAGC) and DFCI 24931

(SEQ ID NO: 1 02) (GTGCTGTGGAATTCAGGATAC)

.

Several intron-exon junctions of mMSH5 were determined by

25 sequencing of these clones using primers derived from the mMSH5 cDNA

sequence. MMSH5 intronic sequences generated to date are set forth

below.

The chromosomal location of mMSH5 has not been experimentally

determined. However, based on comparative mapping data for human and

30 mouse chromosomes, we predict that mMSH5 is located on mouse

chromosome 17 in the syntenic region containing the murine homologues

of C2, C4, Tnfa and HLA.B, which flank, or are closely associated with, the
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hMSH5 locus in 6p21.3:

The mMSH5 cDNA sequence.

(SEQ ID NO: 53)

5 GGCTTGGGGCGGTTGGTCAGGGAGGTGGATCGTCGCGGCTGAGAGTCGC

CGAGCCCATGGCTTTCAGAGCGACCCCAGGCCGGACGCCGCCGGGACCC

GGACCCAGATCCGGAATCCCCTCAGCCAGCTTCCCCAGCCCTCAGCCCCGA

ATGGCGGGGCCTGGAGGTATCGAGGAAGAGGACGAGGAGGAGCCCGCCG

AGATCCATCTGTGCGTGCTGTGGAGCTCGGGATACCTGGGCATTGCTTACT

10 ATGACACTAGTGACTCCACTATCCACTTCATGCCAGATGCCCCAGACCACGA

GAGCCTAAAGCTTCTCCAGAGAGTTCTGGATGAAATCAACCCCCAGTCTGTT

GTCACAAGTGCCAAACAGGATGAGGCTATGACTCGATTTCTAGGGAAGCTT

GCCTCTGAGGAGCACAGAGAGCCAAAGGGACCTGAAATCATACTTCTGCCA

AGCGTGGATTTTGGTCCAGAGATAAGCAAACAGCGTCTCCTTTCCGGAAACT

15 ACTCCTTCATCTCAGACTCCATGACTGCTACTGAGAAAATCCTTTTCCTCTCC

TCCATTATTCCCTTTGACTGTGTCCTCACGGTCCGGGCACTTGGAGGACTGC

TCAAGTTCCTGAGTCGAAGAAGAATTGGGGTTGAACTGGAAGACTATGATGT

TGGCGTCCCTATCCTGGGATTCAAGAAGTTTGTATTGACCCATCTGGTGAGC

ATAGATCAAGACACTTACAGCGTTCTACAGATTTTCAAGAGTGAGTCTCACC

20 CCTCGGTGTACAAAGTAGCCAGTGGGCTGAAGGAGGGGCTCAGCCTTTTTG

GAATCCTCAACAGATGCCGCTGTAAGTGGGGACAGAAGCTGCTCAGGCTGT

GGTTTACACGTCCAACCCGGGAGCTAAGGGAACTCAATTCCCGACTGGATG

TCATTCAGTTCTTCCTGATGCCTCAGAACCTGGACATGGCCCAGATGCTGCA

CCGACTCCTGAGCCACATCAAGAATGTGCCTCTGATTCTGAAACGCATGAAG

25 TTGTCCCACACCAAGGTCAGTGACTGGCAGGTCCTCTACAAGACTGTGTACA

GTGCTCTCGGCCTGAGGGATGCCTGCCGTTCTCTGCCACAGTCCATCCAGC

TTTTTCAGGACATTGCCCAGGAGTTCTCTGACGACCTGCATCACATTGCCAG

CCTCATCGGGAAGGTGGTGGACTTTGAGGAAAGTCTTGCTGAAAATCGCTT

CACAGTCCTCCCTAACATAGACCCTGACATAGATGCCAAGAAGCGAAGGCT

30 GATAGGGCTTCCGAGCTTCCTCACTGAAGTTGCTCAGAAGGAGCTGGAGAA

CCTGGACTCTCGCATCCCCTCATGCAGTGTCATCTACATCCCTCTGATTGGC

TTCCTTCTTTCCATTCCCCGCTTGCCTTTCATGGTGGAAGCTAGTGACTTTGA
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GATTGAGGGGCTGGACTTCATGTTTCTCTCAGAGGACAAGCTGCACTATCGT

AGCGCCCGGAcCAAGGAGCTGGACACGCTGCTGGGAGACCTGCACTGTGA

GATCCGGGACCAGGAGACTCTGTTGATGTACCAGCTGCAGTGCCAGGTGCT

GGCACGGGCTTCGGTCTTGACTCGGGTATTGGACCTTGCCTCCCGCCTGGA

5
CGTCTTGTTGGCTCTTGCCAGTGCTGCCCGGGACTACGGCTATTCGAGACC

GCATTACTCTCCCTGTATCCATGGAGTACGAATCAGGAATGGCAGGCATCCT

CTGATGGAACTGTGTGCACGAACCTTCGTGCCCAACTCCACGGACTGTGGT

GGGGACCAGGGCAGGGTCAAAGTCATCACTGGACCCAACTCCTCAGGGAA

AAGCATATATCTCAAGCAGGTAGGCTTGATCACTTTCATGGCCCTGGTGGGC

10
AGTTTCGTGCCTGCAGAGGAGGCCGAGATTGGGGTAATCGACGCCATCTTC

ACTCGAATTCACAGCTGCGAATCCATCTCCCTCGGCCTcTCCACCTTCATGA -

TTGATCTCAACCAGGTGGCGAAAGCAGTGAACAATGCCACAGAGCACTCGC

TGGTCCTGATCGATGAATTCGGGAAGGGGACCAACTCGGTGGATGGCCTG

GCACTTCTGGCTGCTGTGCTCCGTCACTGGCTTGCACTGGGACCCAGCTGC

15
CCCCACGTCTTTGTAGCCACCAACTTCCTGAGCCTTGTTCAGCTGCAGCTGC

TGCCGCAAGGACCCCTGGTGCAGTATTTGACCATGGAGACTTGTGAGGATG

GGGAAGACCTTGTCTTCTTCTACCAGCTTTGCCAAGGCGTCGCCAGTGCCA

GCCACGCCTCCCACACAGCGGCCCAGGCTGGGCTTCCTGACCCACTCATT

GCTCGTGGCAAAGAGGTCTCAGACTTGATCCGCAGTGGGAAACCCATCAAG

20 GCCACGAATGAGCTTCTAAGGAGAAACCAAATGGAAAACTGCCAGGCACTG

GTGGATAAGTTTCTAAAACTGGACTTGGAGGATCCCACCCTGGACCTGGAC

ATTTTCATTAGTCAGGAAGTGCTGCCCGCTGCTCCCACCATCCTCTGAGAGT

CCTTCCAGTGTCCT

25

The translational start is base 57 (A of ATG). The translational stop is

base 2556 (T of TGA). The 5? UTR is suspected of being artifactuaUy

truncated due to premature termination of reverse transcription. The 3?

UTR incomplete because of the cloning strategy used.

30

The mMSH5 predicted amino acid sequence.

(SEQ ID NO:54)
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MAFRATPGRTPPGPGPRSGIPSASFPSPQPPMAGPGGIEEEDEEEPAEIHLCVL

WSSGYLGIAYYDTSDSTIHFMPDAPDHESLKLLQRVLDEINPQSWTSAKQDE

AMTRFLGKLASEEHREPKGPEIILLPSVDFGPEISKQRLLSGNYSFISDSMTATE

KILFLSSIIPFDCVLTVRALGGLLKFLSRRRIGVELEDYDVGVPILGFKKFVLTHL

5 VSIDQDTYSVLQIFKSESHPSVYKVASGLKEGLSLFGILNRCRCKWGQICLLRL

WFTRPTRELRELNSRLDVIQFFLMPQNLDMAQMLHRLLSHIKNVPLILKRMKL

SHTKVSDWQVLYKTVYSALGLRDACRSLPQSIQLFQDIAQEFSDDLHHIASLIG

KWDFEESLAENRFTVLPNIDPDIDAKKRRLIGLPSFLTEVAQKELENLDSRIPS

CSVIYIPLIGFLLSIPRLPFMVEASDFEIEGLDFMFLSEDKLHYRSARTKELDTLL

10 GDLHCEIRDQETLLMYQLQCQVLARASVLTRVLDLASRLDVLLALASAARDYG

YSRPHYSPCIHGVRIRNGRHPLMELCARTFVPNSTDCGGDQGRVKVITGPNSS

GKSIYLKQVGLITFMALVGSFVPAEEAEIGVIDAIFTRIHSCESISLGLSTFMIDL

NQVAKAVNNATEHSLVLIDEFGKGTNSVDGLALLAAVLRHWLALGPSCPHVFV

ATNFLSLVQLQLLPQGPLVQYLTMETCEDGEDLVFFYQLCQGVASASHASHTA

15 AQAGLPDPLIARGKEVSDLIRSGKPIKATNELLRRNQMENCQALVDKFLKLDLE

DPTLDLDIFISQEVLPAAPTIL

Sequences of the hMSH5 introns

Consensus splice donor and acceptor sequences are in bold. Where the

!0 complete intronic sequence is unknown, paired slashes in bold (//) indicate
the position of the sequence gap.

Intron 1: (SEQ ID NO:55)

gtaacctccgcgtgacagaatgagggtggggcgcgtggagtttcccacaatctgtactttagttaaatacccg

5 agaattcacctcctgtgtccacagctctccacgcccctcagccctgccccgcagccctgtatcagaagtactt

agcgctttgcattctgcgcgccaccctaccccggcctcctctgtgaatcgttgcttccgaaccgccctcactttt

tgcatccgcag

Intron 2: (SEQ ID NO:56)
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(SEQ ID NO:57)

aaaaaaaaacagggttgggaagagctgggcaagtctcttacctcctgagtggctgtttcacattcactaaat

gggggtgatgatgcctatctcagagatttgagaaaatgattaaattatataagacatggtaaaccctacactt

atgagtgattctaatagtgatttcctttcttccttgctggacag

5

Intron 3: (SEQ ID NO:58)

Gtggggatggaaccatgaattcctctgctctctgggattgcagatgtgttacacacacacacacacacaca

cacacacacacacacatattttttttttctagacagagtcttgctctgttacccaggctcaagtgcagtggcgc

aatcttggctcactgcagcctccacctcctgggttcaagcaattctcctgactcaacctcccgagtagctggg

10
actacaggcgtgtgccaccacacccagctagttttttgtgtgtgtttttagcacagacggtgtttcaccatgttg

gccagggtggtctcaaactcctgaccttgtgatccgcccaccttggcctcctaaagtgctgggactacaggtg
-

tgagtcaccacgcccagccatgttttacttacattaactcacctcactgtctagcatattttgtgttgctgtaag

gaaatac/ /

15 (SEQ ID NO:59)

ggcgacaaatatatatgacgtatttacaatgtttcaggtgcttcagattcagccctgggcaaatcagtcatgt

ctgttctccaggggtttacagcctagtgacaacatccagaacatcccacttccctctcaccatcccaccactc

ttaactacttttctaaatctcaacttctacctgtgttcccactgtgcagagcactccctactcctagggaggaa

atgtttttgagaaggagaggggtaggaagaggagggctatgggttttctcttagtcaaagacaaagatccttt

20 aactcatttgatctctgttctccttccaag

Intron 4: (SEQ ID NO:60)

gtaaggacttggtaaaggatagagggaaaatggggaaggactaatatatggaatattccagggggctaga

attgggtgagagggagtgtcagacagaggtagaaggactgagatgtaaagaatgatagccttttctttcctc

25 ccccacag

Intron 5: (SEQIDNO:61)

gtatctccttccttttgctttgcctaactccctgttccggtgtcccattctttcccccaactctaccttcatcatca

cagatctcccctctgccttatgtcatcctaaacctttgtgctcctcatgccctatgacctgtccccccaagatct

30 ctcctgctccctaccctttaataatctgcagcttattgggaagcctctgcttaagtcatgtctagggatgaggg

cctcccctgaggagtggtgacactttttggacagggttttattgttggaattctccccattaagttaaagcctttt

atcaccaaaccaaaaggcactgcctcagtgacccttattatgatccataaggcacttctataactttcctagg
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tttacaataagaacaggagtgtactatcctaattagatattaaggcattagtgttactagttctattaatacca

ttattttgaccaaaatcctcaattccagacagatgtctactttcctcagccatttatctttctcaggctgtgcttt

cagacaagtatctttatattatatgtagaataaaaagagaattagactaagagtctgaaaatttggttcttgct

ctagctttccattaactgcctgtgtgagcttgggcaagtcaaataatctctcttgcttctattgtctcattcttaa

5 aatggggtgaaaaaattgagctacaagaccgttccctttgcttgcctccctcaaatag

Intron6: (SEQ ID NO:62)

gtgagattggtcctgggggataagggctgggaggcggcacaagtgctagggctgaattctgggaggtactgg

cctagccctggaaaatagtaactttccctggtgctctgcagcccccaggagatttaagatttaccccgattcc

10 actgctgatcccctcccag

Intron 7: (SEQ ID NO:63)

gtaggtgattcaccccaaccccaaccaaagtaatgtgggattgggaggcctgaaaagtaaagtgggggtgg

ggtgtggatgtggctgtgacccagtgggtcaagggctctaggacacccgggagaatctaagggctaatgag

15 actttgggaagaagactgggacaatattcagagagggggacaaaggaagtggagttgtggaacgaactca

gactgcttcctgcttttttgttttctgtcctcag

Intron 8: (SEQ ID NO:64)

Gtaaagaggtggaggcatgctgctgtctctggggagggagaaggattaagtttaatgccccaataatccta

20 atgaggctctagtttccctaatcctggggctattaagatctctctccttgaaggaaagggaaggggggttttga

gggaaagagaggaagaaaagcataaagatactagctttcttttctatagggagaaactgaggcaaagaaa

agtaagggacaaaccttacatcaagatatgatctcggctgggcgcggtggctcatgcctgtaatccccgcgc

tttgggaggccaaggcgggtggatcgcctgaggtcaggagtttgagacctgaccaatatggtaaaaccccgt

ctctactaaaaatataaaaattagctgggtgtgttgtgcgcctgtaatccca/ /

25

(SEQ ID NO:65)

tttttttttaaaaaaaaaaaaaaaaagacgtgatctcaggaggatatcccctgtccccattccatttatcagt

cctcaattcttattcccctcaaaagtccaagttaccccaaactcctccatttctcctcgacag

30 Intron 9: (SEQ ID NO:66)

Gtaggtgtgccccatccctcatctcacgtacaaagacctaccagaaaagcaattggctccaaagatgtgtc

ccagcctcccttcccacttcactcccattgtcagatatctctttcatgccaatccaaatttcttacctatttgtac
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cccccgccccccaagcttgagcatcttcccatactttgtggctgtacagtgtgttgcatatcagccattacttta

ccaattctgtgttccttccctgggtttgtatgaatgtttctactagttgggtacctgttagggactttgggagacc

ttgtgtatagagaagagttttgtaactgcataactgcctatttgatttgt^tagag//

5 (SEQ ID NO:67)

ccaggagtagagggagagacagaaacagccaacaatggcccagaaaatggatgatatattagataaggg

aagaaatgagttaccagattggggagagatggtttggatgtcaaagcaggtgatcggtgacgtcagcgtccg

agggaagacggctgccaccggcggggccagttgagggaactaggtagttaagtgttgtcgggctaaaagtc

cctagagtgtccatccctcccccatctccatgtgcggtaatcccagctcatttaggggccaggcaccaacttt

10 ggttgcctttgtgccctcccaggccagcttcctcaacaaccagcacctctgactggatgcctcaggttagaca

cataaacacattccattgccctgtccgtgccttgtaacaagttcactccctgccttatccctcacaag

Intron 10:(SEQ ID NO:68)

Gtgagtgggtcccacacatactacacactaatgcatgaattccatatgcacactacatactaagcctacta

15 atggcagtatacagattctcacatacaccaccccacctagtagtagtaaagcaactgccctttactgagcac

tggctaactgcatttcatccttataacagctttgtgtagtagctgatatgcatctcattttttgttgtcagcgcag

gtacacatatacattgatgatacacagacttgcacacatacagcagcaggaaaaaacacaaaatgtaagg

ccgggcacagtggctcacacctgttatcagcactttggggggccaacgctgggtgaccttccatctttg//

20 (SEQ ID NO:69)

cacaggaagaatatgaaaagatgaatgtctgttgctgttacccagagacactttcacagctaaaaagacat

acaaactcatactgactcaccgtctcttactcagcctcagagtgagctgcagtgttggcacacaaatacctc

aacacactgctctccttctaaaatattgacaagctccgttacttatatacatggaatgacacacggtcttatcc

gttgaaactgtgatatgtagacacaattatgctcacatctagcaattttcagtagatacatgtaaacacacct

25 gaatgggtaggacactgcacttgccactacattcccatagcacatcgtggatacatattgccacaatcccca

gggactgcaagcacactttttggcaaactgagatcaagatgatagatgtaacttgtagtacccccacccaaa

ccctcacttccag

Intron 11: (SEQ ID NO:70)

30 gtgagcccagggtggagggcagggaggtggggaaggaggttgagggctgatactgggcagtgggcttcttg

aggggcattagagtgagggaagagaaaacagcggctgtaaccttgtctgactgtag
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Intron 12: (SEQIDNO:71)

Gtaaggccttccttcttgaatcccaaaa/ /

(SEQ ID NO:72)

5 tacaggcatgagccactgtgcctggccaggaccatatcttaattgtctttgtagtttcagtgtttggtacagtgc

ctctcactgtttctttttgcctttgagatcttccctctttgttactgtgatcttccctactggtctttgttcttctgagt

ctgtccctatcaccacctcaacccgagctggatgtggcctgtcctcctttttgtgtttctctcacag

Intron 13: (SEQ ID NO:73)

1 0 gtgagtagaaggaaaaagggagtgcacccagggaggtcagggagagagaatgcagtgtgcaagatgggg

aaacatggaagatattgaggtcaattggataaagaatgggatggtgggaggaggcagcagaacttcaggg -

aagtatctggagggtgagagttaaaggaggactgcagggagaattggggcccaaggagagctgaggaac

aggacagagggtgccaggtcctaagaaacagtacttatctcctcag

15 Intron 14: (SEQ ID NO:74)

gtgagtgttgggtgtggatgggcctgtgagccctgcgcagtgatggagtaccatccttggcaggtggtcacca

cagctggggatcttcatagcaaccagggcaggagactcacttttgataaccacctgtcttccaccctcgtag

Intron 15: (SEQ ID NO:75)

20 Gtgagggcaggagagtgggtgtagccttcagatgtcttttgggggagatattaggcttatgaaagacatact

ggtagataagaaaacttgtggggc / /

(SEQ ID NO:76)

atcttttaagctcccttgggatggggaggttccagtaagtctccaaacaagagagtagagtatctcctctttac

25 tctccccag

Intron 16: (SEQ ID NO:77)

gtaagaccctcaacctctgtaaggtgagtgatgaggaaaatgagtcagcagctgaggaagagcgttactct

acagcagcactgcccaatatgggatctctcctctgtagttttactctgagctttaccagcactgagacaaagg

30 aaagagaagtcagagttaggggctggaggtggggttagaaagatggggaaggagaggaggaccaagaga

tgcaaagtccacagctttgaacccctgtacccag
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Intron 17: (SEQ ID NO:78)

gtgaggaaaagccagaggttatatgcattgtaagatgtttaaaaaaagcagcagccaggggaaggagggg

agtgggcaacttggggatgcttccaacaggcccctcctcttcctgctctctgtctcgctcactctgactctatct

tttcctctgaatgtcttgaggtctcagattgtatctgcaacctgtttccagatccccctaggggcctctgcctctc

5 cttcactttcccctggaactgacctccagctcccttcctcacccactcccag

Intron 18: (SEQ ID NO:79)

gtaagaatagaggcgggtggaggaatacacatgaggggcccaaaggctacatcttctgggggttcatctat

cttgatccacaagccatgcgaggtgcctctccgcccactgcag

10

Intron 19: (SEQ ID NO:80)

gtgaggagaagccctgcagcctgggcctctggcgtctcctgcatctactccacccctacttgccagccaact

caggctcctgcagctcttctcccattttctgaccccgctcttcatgaaaggaccatcacccacatccctgtgct

tccacctcacatgttcttattctccactggagagccatgctctaatggaactttccgtggcccaaattccttca

15 cctgcctctgagtaggtacacaccactcccaagtatgtctctgcccacgtcccgtgcctcttcactgattctaa

attagcccacagggctatggtcaggattcggggaggagagacagagtcagtgtgtctgttacctatttctcct

gtttcaccctgtccatttctctttgatgtgccattcatgccttgagcctcactttcacctcagcccacggcacca

ggccccaggccctgtctccttccctattcag

20 Intron 20: (SEQ ID NO:81)

gtcaaagggaacaaagggaggtgggattgaggaaggggataatgggaaaggaacccctgaaaatgctca

taacaggaaagcatgccctctgctgcatgccctttatactaaaagtggggagcactaaggtcagagataag

aagaatcaataccataaacatttcttgaacccttgtttcatgtgagtcactgttggcaaagaggatgaacaa

agcgtgcacctcaccattcaagaacttgcagtgcagtagggagggcatgtatacagctttattcacaggcca

25 actgtggtcagtgcgttacgggcttccaatactaacttccccttgtccaccttatacccagcag

Intron 21:(SEQ ID NO:82)

gtgaggggagaaactgatgaggggagaaactaaggaggggaaaatggaggaggatgaaggagcatgac

agtgaggctgggcctctggaatggaatagggctgtgtgggcagaaaagaaatagaacacgagacaggga

30 aaggcagtgcaagtgcagaggggcatatggggtccccatggctccgaatgctaacctctgccctctttgcag

Intron 22: (SEQ ID NO:83)
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gtgaggagaccaatctagctcctcggggacccccaggctgggcatttcccagaggtggggattggctcctct

atcagaacaagggctccctcagcacagagaccacatcccttcccttttctccctccccacaggattggccaa

gggtttcaggacaggaaggaggtgattgatgatacactgtcttttattctcttttaag

5 Intron 23: (SEQ ID NO:84)

gtgatgagatccaaatgtgcaaccacctccacatcagagctccctttcattcctagtcctactgggcctgggt

ctaggtccacaggatttctgacccttatttccccttctcttccccactccccttactcctcccaccttcttgcttgt

cctag

10 Intron 24: (SEQ ID NO:85)

gtgcgtatatggccccagtgtctttaccctctctgcatcttctcctgcaactcttctcccccctccagcactttgc ,

ccttcagaaacccaccatttctttctgaaatccctaaatcttcaagatcccaggttttctgtgccacagcctct

cccctctgcccagggatttggttgtccattctgccataaatcttgcgattttctctcttcttcag

15 Sequences of the mMSH5 intron-exon junctions.

The coding sequence (end of exon adjacent to each border) is in

capitals and the intronic sequence is lowercase. Consensus splice donor

and acceptor sequences are in bold. Phase indicates border phase, which

means that the border falls after the indicated base of a codon. For example,

20 given a methionine (ATG) codon: phase of 1 means the border falls between

A and T, phase of 2 means the border falls between T and G, while phase of

3 means the border follows the codon.

INTRON phase length 5' border: SEQ ID
25 # (bp) No:

10 2 79 GCTGCTCAG gtatacagtaccacgctccc 86

17 1 135 AGATCCGGG gtgaggagcccgtggtagga 87

18 2 79 GAATGGCAG gtgagaaggggccccatgtc 88

19 3 389 CTCAAGCAG gtgaggggccgccaagctgg 89

30 21 3 180 ACCAACTCG gtgcggaggaaaatgaagag 90

INTRON phase length 3' border: SEQ ID
# (bp) NO:
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10 2 79ttcccatcccaaccctccag GCTGTGGTT

17 l 135ctctctctctccttctccag ACCAGGAGA

18 2 79tgtctctctacccaccacag GCATCCTCT

19 3 389tctcccctgccctggcccag GTAGGCTTG

5 21 3 180tcacctctgccctttgacag GTGGATGGC

Sequences of the mMSH5 intxons.

Consensus splice donor and acceptor sequences are in bold.

10 Intron 10: (SEQ ID NO:96)

gtatacagtaccacgctccccaagcaaagtcaagatgagagaagacgtgacttgtaaccttcccatcccaa „

ccctccag

Intron 17: (SEQ ID NO:97)

15 gtgaggagcccgtggtaggagggggcaggctgctctaacagaccctgctctcatgctggcccctctgcatgg

tcacactgcatctgcatgcctgcttccagatctttccaggcacctctctctctccttctccag

Intron 18: (SEQ ID NO:98)

gtgagaaggggccccatgtcctgctgtggggatcctccctgggtccacaaaccatgcagtgtctctctaccca

20 ccacag

Intron 19: (SEQ ID NO:99)

gtgaggggccgccaagctgggggcccacatctccatctcctctggccgccaggccagatcctctgccccccc

ccacacacacatacagcacatgtccttgtcctctgagggacagtctgttctttaggatagacctttccgtggc

25 cacaagtccctggaccaacctccaaatagatccatgccgttccctagtatgcctttacccacaaccttgactc

tggagttaattgtgaagtcaggacccaggaaactgtgttccagggctctgttcttctgttacactgtgtcctctc

tttaatctgtcgttcatgtctttagttgagacccatttttactttgcccatagtacggcaacaggcccatgttctg

tctcccctgccctggcccag

30 Intron 21: (SEQ ID NO: 100)

gtgcggaggaaaatgaagagatgctaaggaggggggatggaggaaaatgagaaccgggagcaggagac

tgacctcagggaagaaaagggggatgcgtgcacagaggggaggagaagccatgacagctacagaagga

91

92

93

94

95
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cacagctgtcctggttctgccctctcacctctgccctttgacag

All references mentioned herein are hereby incorporated by

reference.

5 It is evident that those skilled in the art given the benefit of the

foregoing disclosure may make numerous other uses and modifications

thereof and departures from the specific embodiments described herein

without departing from the inventive concepts, and the present invention

is to be limited solely by the scope and spirit of the appended claims.
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(i) SEQUENCE CHARACTERISTICS

:

(A) LENGTH: 2900 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:

CGCTCCTTTT GCAGGCTCGT GGCGGTCGGT CAGCGGGGCG TTCTCCCACC TGTAGCGACT 60

CAGGTTACTG AAAAGGCGGG AAAACGCTGC GATGGCGGCA GCTGGGGGAG GAGGAAGATA 120

AGCGCGTGAG GCTGGGGTCC TGGCGCGTGG TTGGCAGAGG CAGAGACATA AGACGTGCAC 180

GACTCGCCCC ACAGGGCCTT CAGACCCCTT CTTTCCAAAG GAGCCTCCAA GCTCATGGCC 24 0

TCCTTAGGAG CGAACCCAAG GAGGACACCG CAGGGACCGA GACCTGGGGC GGCCTCCTCC 300

GGTTTCCCCA GCCCGGCCCC AGTGCCGGGC CCCAGGGAGG CCGAGGAGGA GGAAGTCGAG 360

GAGGAGGAGG AGCTGGCCGA GATCCATCTG TGTGTGCTGT GGAATTCAGG ATACTTGGGC 420

ATTGCCTACT ATGATACTAG TGACTCCACT ATCCACTTCA TGCCAGATGC CCCAGACCAC 4 80

GAGAGCCTCA AGCTTCTCCA GAGAGTTCTG GATGAGATCA ATCCCCAGTC TGTTGTTACG 54 0

AGTGCCAAAC AGGATGAGAA TATGACTCGA TTTCTGGGAA AGCTTGCCTC CCAGGAGCAC 600

AGAGAGCCTA AAAGACCTGA AATCATATTT TTGCCAAGTG TGGATTTTGG TCTGGAGATA 66 0

AGCAAACAAC GCCTCCTTTC TGGAAACTAC TCCTTCATCC CAGACGCCAT GACTGCCACT 720

GAGAAAATCC TCTTCCTCTC TTCCATTATT CCCTTTGACT GCCTCCTCAC AGTTCGAGCA 780

CTTGGAGGGC TGCTGAAGTT CCTGGGTCGA AGAAGAATCG GGGTTGAACT GGAAGACTAT 84 0

AATGTCAGCG TCCCCATCCT GGGCTTTAAG AAATTTATGT TGACTCATCT GGTGAACATA 900

GATCAAGACA CTTACAGTGT TCTACAGATT TTTAAGAGTG AGTCTCACCC CTCAGTGTAC 960

AAAGTGGCCA GTGGACTGAA GGAGGGGCTC AGCCTCTTTG GAATCCTCAA CAGATGCCAC 1020

TGTAAGTGGG GAGAGAAGCT GCTCAGGCTA TGGTTCACAC GTCCGACTCA TGACCTGGGG 1080

GAGCTCAGTT CTCGTCTGGA CGTCATTCAG TTTTTTCTGC TGCCCCAGAA TCTGGACATG 114 0

GCTCAGATGC TGCATCGGCT CCTGGGTCAC ATCAAGAACG TGCCTTTGAT TCTGAAACGC 1200

ATGAAGTTGT CCCACACCAA GGTCAGCGAC TGGCAGGTTC TCTACAAGAC TGTGTACAGT 1260

GCCCTGGGCC TGAGGGATGC CTGCCGCTCC CTGCCGCAGT CCATCCAGCT CTTTCGGGAC 132 0

ATTGCCCAAG AGTTCTCTGA TGACCTGCAC CATATCGCCA GCCTCATTGG GAAAGTAGTG 13 80

GACTTTGAGG GCAGCCTTGC TGAAAATCGC TTCACAGTCC TCCCCAACAT AGATCCTGAA 144 0

ATTGATGAGA AAAAGCGAAG ACTGATGGGA CTTCCCAGTT TCCTTACTGA GGTTGCCCGC 1500

AAGGAGCTGG AGAATCTGGA CTCCCGTATT CCTTCATGCA GTGTCATCTA CATCCCTCTG 1560

ATTGGCTTCC TTCTTTCTAT TCCCCGCCTG CCTTCCATGG TAGAGGCCAG TGACTTTGAG 162 0

ATTAATGGAC TGGACTTCAT GTTTCTCTCA GAGGAGAAGC TGCACTATCG TAGTGCCCGA 1680

ACCAAGGAGC TGGATGCATT GCTGGGGGAC CTGCACTGCG AGATCCGGGA CCAGGAGACG 174 0

CTGCTGATGT ACCAGCTACA GTGCCAGGTG CTGGCACGAG CAGCTGTCTT AACCCGAGTA 1800

TTGGACCTTG CCTCCCGCCT GGACGTCCTG CTGGCTCTTG CCAGTGCTGC CCGGGACTAT 186 0

GGCTACTCAA GGCCGCGTTA CTCCCCACAA GTCCTTGGGG TACGAATCCA GAATGGCAGA 1920

CATCCTCTGA TGGAACTCTG TGCCCGAACC TTTGTGCCCA ACTCCACAGA ATGTGGTGGG 1980

GACAAAGGGA GGGTCAAAGT CATCACTGGA CCCAACTCAT CAGGGAAGAG CATATACCTC 2 040

AAACAGGTAG GCTTGATCAC ATTCATGGCC CTGGTAGGCA GCTTTGTGCC AGCAGAGGAG 2100

GCCGAAATTG GGGCAGTAGA CGCCATCTTC ACACGAATTC ATAGCTGCGA ATCCATCTCC 2160

CTTGGCCTCT CCACCTTCAT GATCGACCTC AACCAGGTGG CGAAAGCAGT GAACAATGCC 2220

ACTGCACAGT CGCTGGTCCT TATTGATGAA TTTGGAAAGG GAACCAACAC GGTGGATGGG 2280

CTCGCGCTTC TGGCCGCTGT GCTCCGACAC TGGCTGGCAC GTGGACCCAC ATGCCCCCAC 234 0

ATCTTTGTGG CCACCAACTT TCTGAGCCTT GTTCAGCTAC AACTGCTGCC ACAAGGGCCC 2400

CTGGTGCAGT ATTTGACCAT GGAGACCTGT GAGGATGGCA ACGATCTTGT CTTCTTCTAT 2460

CAGGTTTGCG AAGGTGTTGC GAAGGCCAGC CATGCCTCCC ACACAGCTGC CCAGGCTGGG 2 520

CTTCCTGACA AGCTTGTGGC TCGTGGCAAG GAGGTCTCAG ATTTGATCCG CAGTGGAAAA 2580

CCCATCAAGC CTGTCAAGGA TTTGCTAAAG AAGAACCAAA TGGAAAATTG CCAGACATTA 2640
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GTGGATAAGT TTATGAAACT GGATTTGGAA GATCCTAACC TGGACTTGAA CGTTTTCATG 2700
AGCCAGGAAG TGCTGCCTGC TGCCACCAGC ATCCTCTGAG AGTCCTTCCA GTGTCCTCCC 2760
CAGCCTCCTG AGACTCCGGT GGGCTGCCAT GCCCTCTTTG TTTCCTTATC TCCCTCAGAC 2820
GCAGAGTTTT TAGTTTCTCT AGAAATTTTG TTTCATATTA GGAATAAAGT TTATTTTGAA 2 880
GAAAAAAAAA AAAAAAAAAA 2900

(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 834 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Met Ala Ser Leu Gly Ala Asn Pro Arg Arg Thr Pro Gin Gly Pro Arg
1 5 10 15

Pro Gly Ala Ala Ser Ser Gly Phe Pro Ser Pro Ala Pro Val Pro Gly
20 25 30

Pro Arg Glu Ala Glu Glu Glu Glu Val Glu Glu Glu Glu Glu Leu Ala
35 40 45

Glu He His Leu Cys Val Leu Trp Asn Ser Gly Tyr Leu Gly He Ala
50 55 60

Tyr Tyr Asp Thr Ser Asp Ser Thr He His Phe Met Pro Asp Ala Pro
65 70 75 80
Asp His Glu Ser Leu Lys Leu Leu Gin Arg Val Leu Asp Glu He Asn

85 90 95
Pro Gin Ser Val Val Thr Ser Ala Lys Gin Asp Glu Asn Met Thr Arg

100 105 110
Phe Leu Gly Lys Leu Ala Ser Gin Glu His Arg Glu Pro Lys Arg Pro

115 120 125
Glu He He Phe Leu Pro Ser Val Asp Phe Gly Leu Glu He Ser Lys

130 135 140
Gin Arg Leu Leu Ser Gly Asn Tyr Ser Phe He Pro Asp Ala Met Thr
145 150 155 160
Ala Thr Glu Lys He Leu Phe Leu Ser Ser He He Pro Phe Asp Cys

165 170 175
Leu Leu Thr Val Arg Ala Leu Gly Gly Leu Leu Lys Phe Leu Gly Arg

180 185 190
Arg Arg He Gly Val Glu Leu Glu Asp Tyr Asn Val Ser Val Pro He

195 200 205
Leu Gly Phe Lys Lys Phe Met Leu Thr His Leu Val Asn He Asp Gin

210 215 220
Asp Thr Tyr Ser Val Leu Gin lie Phe Lys Ser Glu Ser His Pro Ser
225 230 235 240
Val Tyr Lys Val Ala Ser Gly Leu Lys Glu Gly Leu Ser Leu Phe Gly

245 250 255
He Leu Asn Arg Cys His Cys Lys Trp Gly Glu Lys Leu Leu Arg Leu

260 265 270
Trp Phe Thr Arg Pro Thr His Asp Leu Gly Glu Leu Ser Ser Arg Leu

275 280 285
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Asp Val lie Gin Phe Phe Leu Leu Pro Gin Asn Leu Asp Met Ala Gin
290 295 300

Met Leu His Arg Leu Leu Gly His He Lys Asn Val Pro Leu He Leu
305 310 315 320
Lys Arg Met Lys Leu Ser His Thr Lys Val Ser Asp Trp Gin Val Leu

325 330 335
Tyr Lys Thr Val Tyr Ser Ala Leu Gly Leu Arg Asp Ala Cys Arg Ser

340 345 350
Leu Pro Gin Ser lie Gin Leu Phe Arg Asp He Ala Gin Glu Phe Ser

355 360 365
Asp Asp Leu His His He Ala Ser Leu lie Gly Lys Val Val Asp Phe

370 375 380
Glu Gly Ser Leu Ala Glu Asn Arg Phe Thr Val Leu Pro Asn He Asp
385 390 395 400Pro Glu lie Asp Glu Lys Lys Arg Arg Leu Met Gly Leu Pro Ser Phe

4 °5 410 415
Leu Thr Glu Val Ala Arg Lys Glu Leu Glu Asn Leu Asp Ser Arg He

420 425 430
Pro Ser Cys Ser Val He Tyr He Pro Leu He Gly Phe Leu Leu Ser

43 5 440 445He Pro Arg Leu Pro Ser Met Val Glu Ala Ser Asp Phe Glu He Asn450 455 460
Gly Leu Asp Phe Met Phe Leu Ser Glu Glu Lys Leu His Tyr Arg Ser
465 470 AlS
Ala Arg Thr Lys Glu Leu Asp Ala Leu Leu Gly Asp Leu His Cys Glu

485 490 495He Arg Asp Gin Glu Thr Leu Leu Met Tyr Gin Leu Gin Cys Gin Val
500 505 510

Leu Ala Arg Ala Ala Val Leu Thr Arg Val Leu Asp Leu Ala Ser Arg
515 520 525

Leu Asp Val Leu Leu Ala Leu Ala Ser Ala Ala Arg Asp Tyr Gly Tyr
530 535 540

Ser Arg Pro Arg Tyr Ser Pro Gin Val Leu Gly Val Arg lie Gin Asn
550 555 56QGly Arg His Pro Leu Met Glu Leu Cys Ala Arg Thr Phe Val Pro Asn

565 570 575
Ser Thr Glu Cys Gly Gly Asp Lys Gly Arg Val Lys Val He Thr Gly

580 585 5go
Pro Asn Ser Ser Gly Lys Ser He Tyr Leu Lys Gin Val Gly Leu He

595 600 605
Thr Phe Met Ala Leu Val Gly Ser Phe Val Pro Ala Glu Glu Ala Glu

610 615 620He Gly Ala Val Asp Ala He Phe Thr Arg He His Ser Cys Glu Ser
625 630 635 640He Ser Leu Gly Leu Ser Thr Phe Met He Asp Leu Asn Gin Val Ala

645 650 655
Lys Ala Val Asn Asn Ala Thr Ala Gin Ser Leu Val Leu He Asp Glu

660 665 670
Phe Gly Lys Gly Thr Asn Thr Val Asp Gly Leu Ala Leu Leu Ala Ala

675 680 685
Val Leu Arg His Trp Leu Ala Arg Gly Pro Thr Cys Pro His He Phe

690 695 700
Val Ala Thr .Asn Phe Leu Ser Leu Val Gin Leu Gin Leu Leu Pro Gin
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705 710
Glu

715

Gly Pro Leu Val Gin Tvr Leu Thr Met Thr

725 730

Asp Leu Val Phe Phe Tyr Gin Val Cys Glu Gly

740 745

His Ala Ser
755

His Thr Ala Ala Gin
760

Ala Gly Leu

Ala Arg Gly Lys Glu Val Ser Asp Leu He Arg

770 775

Lys Pro Val Lys Asp Leu Leu Lys Lys Asn Gin

785 790 795

Thr Leu Val Asp Lys
805

Phe Met Lys Leu Asp
810

Leu

Asp Leu Asn Val Phe Met Ser Gin Glu Val Leu

820 825

lie Leu

720

Cys Glu Asp Gly Asn
735

Val Ala Lys Ala Ser
750

Pro Asp Lys Leu Val

765
Ser Gly Lys Pro He
780
Met Glu Asn Cys Gin

800

Glu Asp Pro Asn Leu
815

Pro Ala Ala Thr Ser
830

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3

TTCCAAAGGG TAACCTCCGC GTGACAGAA

29

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CTGGCCGAGG TCTCTGAGGG GAGTAGAAA

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 2 9 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

TCCAGAGAGG TGGGGATGGA ACCATGAAT 29

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GAAAGCTTGG TAAGGACTTG GTAAAGGAT 2 9

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7

:

TGGATTTTGG TATCTCCTTC CTTTTGCTT 29

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8

:

CTCCTCACAG TGAGATTGGT CCTGGGGGA 29

(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2 9 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

ATTTATGTTG TAGGTGATTC ACCCCAACC

(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

CACTTACAGG TAAAGAGGTG GAGGCATGC

(2) INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

GCCTCTTTGG TAGGTGTGCC CCATCCCTC

(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

GCTGCTCAGG TGAGTGGGTC CCACACATA

(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
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AACGTGCCTG TGAGCCCAGG GTGGAGGGC

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

CTCTACAAGG TAAGGCCTTC CTTCTTGAA

(2) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

GGGAAAGTAG TGAGTAGAAG GAAAAAGGG

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

TTGATGAGAG TGAGTGTTGG GTGTGGATG

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:
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ATCCCTCTGG TGAGGGCAGG AGAGTGGGT

(2) INFORMATION FOR SEQ ID NO: 18:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 18:

29
GACTTCATGG TAAGACCCTC AACCTCTGT

(2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS

:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

29
AGATCCGGGG TGAGGAAAAG CCAGAGGTT

(2) INFORMATION FOR SEQ ID NO: 20:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

29
GAATGGCAGG TAAGAATAGA GGCGGGTGG

(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

CTCAAACAGG TGAGGAGAAG CCCTGCAGC
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(2) INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

CTCAACCAGG TCAAAGGGAA CAAAGGGAG 29

(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:

ACCAACACGG TGAGGGGAGA AACTGATGA 29

(2) INFORMATION FOR SEQ ID NO: 24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:

CAGTATTTGG TGAGGAGACC AATCTAGCT 29

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

GGCAAGGAGG TGATGAGATC CAAATGTGC 29
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(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

AATGGAAAAG TGCGTATATG GCCCCAGTG

(2) INFORMATION FOR SEQ ID NO: 27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
<D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

CTCACTTTTT GCATCCGCAG AGCCTCCAA

(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

CTTTCTTCCT TGCTGGACAG ATCCATCTG

(2) INFORMATION FOR SEQ ID NO: 29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 29:

GATCTCTGTT CTCCTTCCAG TTCTGGATG

(2) INFORMATION FOR SEQ ID NO: 30:
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<i) ' SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

TTTTCTTTCC TCCCCCACAG CCTCCCAGG 29

(2) INFORMATION FOR SEQ ID NO: 31:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 31:

TGCTTGCCTC CCTCAAATAG GTCTGGAGA 29

(2) INFORMATION FOR SEQ ID NO: 32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

CACTGCTGAT CCCCTCCCAG GTTCGAGCA 29

(2) INFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2 9 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:

TTTTTGTTTT CTGTCCTCAG GACTCATCT 29

(2) INFORMATION FOR SEQ ID NO: 34:
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
<C) STRANDEDNESS : single
<D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:

CCTCCATTTC TCCTCGACAG TGTTCTACA 29

(2) INFORMATION FOR SEQ ID NO: 35:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35:

CCTGCCTTAT CCCTCACAAG AATCCTCAA ' 29

(2) INFORMATION FOR SEQ ID NO: 36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:

ACCCAAACCC TCACTTCCAG GCTATGGTT 2 9

(2) INFORMATION FOR SEQ ID NO: 37:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:

GTAACCTTGT CTGACTGTAG TTGATTCTG 29

(2) INFORMATION FOR SEQ ID NO: 38:

(i) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38:

TTTTTGTGTT TCTCTCACAG ACTGTGTAC 29

(2) INFORMATION FOR SEQ ID NO: 39:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39:

AACAGTACTT ATCTCCTCAG GTGGACTTT 29

(2) INFORMATION FOR SEQ ID NO: 40:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40:

CCTGTCTTCC ACCCTCGTAG AAAAGCGAA 2 9

(2) INFORMATION FOR SEQ ID NO: 41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41:

CTCCTCTTTA CTCTCCCCAG ATTGGCTTC 29

(2) INFORMATION FOR SEQ ID NO: 42:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
<D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42:

CTTTGAACCC CTGTACCCAG TTTCTCTCA 29

(2) INFORMATION FOR SEQ ID NO: 43:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

CCTTCCTCAC CCACTCCCAG ACCAGGAGA 2 9

(2) INFORMATION FOR SEQ ID NO: 44:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

TGCCTCTCCG CCCACTGCAG ACATCCTCT 2 9

(2) INFORMATION FOR SEQ ID NO: 45:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2 9 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45:

CTGTCTCCTT CCCTATTCAG GTAGGCTTG 2 9

(2) INFORMATION FOR SEQ ID NO: 46:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
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(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46:

GTCCACCTTA TACCCAGCAG GTGGCGAAA

(2) INFORMATION FOR SEQ ID NO: 47:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47:

AACCTCTGCC CTCTTTGCAG GTGGATGGG

(2) INFORMATION FOR SEQ ID NO: 48:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
<C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:

GTCTTTTATT CTCTTTTAAG ACCATGGAG

(2) INFORMATION FOR SEQ ID NO: 49:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2 9 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49:

CACCTTCTTG CTTGTCCTAG GTCTCAGAT

(2) INFORMATION FOR SEQ ID NO: 50:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50:

CGATTTTCTC TCTTCTTCAG TTGCCAGAC

(2) INFORMATION FOR SEQ ID NO: 51:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51:

GAATGGCAGA CATCCTCTGA

(2) INFORMATION FOR SEQ ID NO: 52:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52:

GGTATATGCT CTTCCCTGAT GA

(2) INFORMATION FOR SEQ ID NO: 53:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 2576 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53:

GGCTTGGGGC GGTTGGTCAG GGAGGTGGAT CGTCGCGGCT GAGAGTCGCC GAGCCCATGG

CTTTCAGAGC GACCCCAGGC CGGACGCCGC CGGGACCCGG ACCCAGATCC GGAATCCCCT

CAGCCAGCTT CCCCAGCCCT CAGCCCCCAA TGGCGGGGCC TGGAGGTATC GAGGAAGAGG

ACGAGGAGGA GCCCGCCGAG ATCCATCTGT GCGTGCTGTG GAGCTCGGGA TACCTGGGCA

TTGCTTACTA TGACACTAGT GACTCCACTA TCCACTTCAT GCCAGATGCC CCAGACCACG

AGAGCCTAAA GCTTCTCCAG AGAGTTCTGG ATGAAATCAA CCCCCAGTCT GTTGTCACAA

GTGCCAAACA GGATGAGGCT ATGACTCGAT TTCTAGGGAA GCTTGCCTCT GAGGAGCACA

GAGAGCCAAA GGGACCTGAA ATCATACTTC TGCCAAGCGT GGATTTTGGT CCAGAGATAA

GCAAACAGCG TCTCCTTTCC GGAAACTACT CCTTCATCTC AGACTCCATG ACTGCTACTG
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AGAAAATCCT TTTCCTCTCC TCCATTATTC CCTTTGACTG TGTCCTCACG GTCCGGGCAC 600
TTGGAGGACT GCTCAAGTTC CTGAGTCGAA GAAGAATTGG GGTTGAACTG GAAGACTATG 660
ATGTTGGCGT CCCTATCCTG GGATTCAAGA AGTTTGTATT GACCCATCTG GTGAGCATAG 720
ATCAAGACAC TTACAGCGTT CTACAGATTT TCAAGAGTGA GTCTCACCCC TCGGTGTACA 780
AAGTAGCCAG TGGGCTGAAG GAGGGGCTCA GCCTTTTTGG AATCCTCAAC AGATGCCGCT 840
GTAAGTGGGG ACAGAAGCTG CTCAGGCTGT GGTTTACACG TCCAACCCGG GAGCTAAGGG 900
AACTCAATTC CCGACTGGAT GTCATTCAGT TCTTCCTGAT GCCTCAGAAC CTGGACATGG 960
CCCAGATGCT GCACCGACTC CTGAGCCACA TCAAGAATGT GCCTCTGATT CTGAAACGCA 102 0

TGAAGTTGTC CCACACCAAG GTCAGTGACT GGCAGGTCCT CTACAAGACT GTGTACAGTG ' 1080
CTCTCGGCCT GAGGGATGCC TGCCGTTCTC TGCCACAGTC CATCCAGCTT TTTCAGGACA 114 0

TTGCCCAGGA GTTCTCTGAC GACCTGCATC ACATTGCCAG CCTCATCGGG AAGGTGGTGG 1200
ACTTTGAGGA AAGTCTTGCT GAAAATCGCT TCACAGTCCT CCCTAACATA GACCCTGACA 1260
TAGATGCCAA GAAGCGAAGG CTGATAGGGC TTCCGAGCTT CCTCACTGAA GTTGCTCAGA 1320
AGGAGCTGGA GAACCTGGAC TCTCGCATCC CCTCATGCAG TGTCATCTAC ATCCCTCTGA 1380
TTGGCTTCCT TCTTTCCATT CCCCGCTTGC CTTTCATGGT GGAAGCTAGT GACTTTGAGA 144 0

TTGAGGGGCT GGACTTCATG TTTCTCTCAG AGGACAAGCT GCACTATCGT AGCGCCCGGA 1500
CCAAGGAGCT GGACACGCTG CTGGGAGACC TGCACTGTGA GATCCGGGAC CAGGAGACTC 156 0

TGTTGATGTA CCAGCTGCAG TGCCAGGTGC TGGCACGGGC TTCGGTCTTG ACTCGGGTAT 1620
TGGACCTTGC CTCCCGCCTG GACGTCTTGT TGGCTCTTGC CAGTGCTGCC CGGGACTACG 1680
GCTATTCGAG ACCGCATTAC TCTCCCTGTA TCCATGGAGT ACGAATCAGG AATGGCAGGC 174 0

ATCCTCTGAT GGAACTGTGT GCACGAACCT TCGTGCCCAA CTCCACGGAC TGTGGTGGGG 1800
ACCAGGGCAG GGTCAAAGTC ATCACTGGAC CCAACTCCTC AGGGAAAAGC ATATATCTCA 1860
AGCAGGTAGG CTTGATCACT TTCATGGCCC TGGTGGGCAG TTTCGTGCCT GCAGAGGAGG 1920
CCGAGATTGG GGTAATCGAC GCCATCTTCA CTCGAATTCA CAGCTGCGAA TCCATCTCCC 1980
TCGGCCTCTC CACCTTCATG ATTGATCTCA ACCAGGTGGC GAAAGCAGTG AACAATGCCA 204 0

CAGAGCACTC GCTGGTCCTG ATCGATGAAT TCGGGAAGGG GACCAACTCG GTGGATGGCC 2100
TGGCACTTCT GGCTGCTGTG CTCCGTCACT GGCTTGCACT GGGACCCAGC TGCCCCCACG 2160
TCTTTGTAGC CACCAACTTC CTGAGCCTTG TTCAGCTGCA GCTGCTGCCG CAAGGACCCC 222 0

TGGTGCAGTA TTTGACCATG GAGACTTGTG AGGATGGGGA AGACCTTGTC TTCTTCTACC 2280
AGCTTTGCCA AGGCGTCGCC AGTGCCAGCC ACGCCTCCCA CACAGCGGCC CAGGCTGGGC 234 0

TTCCTGACCC ACTCATTGCT CGTGGCAAAG AGGTCTCAGA CTTGATCCGC AGTGGGAAAC 24 0 0

CCATCAAGGC CACGAATGAG CTTCTAAGGA GAAACCAAAT GGAAAACTGC CAGGCACTGG 246 0

TGGATAAGTT TCTAAAACTG GACTTGGAGG ATCCCACCCT GGACCTGGAC ATTTTCATTA 2 52 0

GTCAGGAAGT GCTGCCCGCT GCTCCCACCA TCCTCTGAGA GTCCTTCCAG TGTCCT 2 576

(2) INFORMATION FOR SEQ ID NO: 54:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 833 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54:

Met Ala Phe Arg Ala Thr Pro Gly Arg Thr Pro Pro Gly Pro Gly Pro
1 5 10 15

Arg Ser Gly lie Pro Ser Ala Ser Phe Pro Ser Pro Gin Pro Pro Met
20 25 30

Ala Gly Pro Gly Gly He Glu Glu Glu Asp Glu Glu Glu Pro Ala Glu
35 40 45

He His Leu Cys Val Leu Trp Ser Ser Gly Tyr Leu Gly He Ala Tyr
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50 55 60

Tyr Asp Thr Ser Asp Ser Thr He His Phe Met Pro Asp Ala Pro Asp
65 70 75 80

His Glu Ser Leu Lys Leu Leu Gin Arg Val Leu Asp Glu lie Asn Pro
85 90 95

Gin Ser val Val Thr Ser Ala Lys Gin Asp Glu Ala Met Thr Arg Phe
100 105 110

Leu Gly Lys Leu Ala Ser Glu Glu His Arg Glu Pro Lys Gly Pro Glu
115 120 125

lie lie Leu Leu Pro Ser Val Asp Phe Gly Pro Glu He Ser Lys Gin
130 135 14 0

Arg Leu Leu Ser Gly Asn Tyr Ser Phe He Ser Asp Ser Met Thr Ala
145 150 155 160

Thr Glu Lys He Leu Phe Leu Ser Ser He lie Pro Phe Asp Cys Val
165 170 175

Leu Thr Val Arg Ala Leu Gly Gly Leu Leu Lys Phe Leu Ser Arg Arg
180 185 190

Arg He Gly Val Glu Leu Glu Asp Tyr Asp Val Gly Val Pro He Leu
195 200 205

Gly Phe Lys Lys Phe Val Leu Thr His Leu Val Ser He Asp Gin Asp
210 215 220

Thr Tyr Ser Val Leu Gin He Phe Lys Ser Glu Ser His Pro Ser Val
225 230 235 240

Tyr Lys Val Ala Ser Gly Leu Lys Glu Gly Leu Ser Leu Phe Gly He
245 250 255

Leu Asn Arg Cys Arg Cys Lys Trp Gly Gin Lys Leu Leu Arg Leu Trp
260 265 270

Phe Thr Arg Pro Thr Arg Glu Leu Arg Glu Leu Asn Ser Arg Leu Asp
275 280 285

Val He Gin Phe Phe Leu Met Pro Gin Asn Leu Asp Met Ala Gin Met
290 295 300

Leu His Arg Leu Leu Ser His He Lys Asn Val Pro Leu lie Leu Lys
305 310 315 320
Arg Met Lys Leu Ser His Thr Lys Val Ser Asp Trp Gin Val Leu Tyr

325 330 335

Lys Thr Val Tyr Ser Ala Leu Gly Leu Arg Asp Ala Cys Arg Ser Leu
340 345 350

Pro Gin Ser He Gin Leu Phe Gin Asp lie Ala Gin Glu Phe Ser Asp
355 360 365

Asp Leu His His He Ala Ser Leu He Gly Lys Val Val Asp Phe Glu
370 375 380

Glu Ser Leu Ala Glu Asn Arg Phe Thr Val Leu Pro Asn He Asp Pro
385 390 395 400
Asp He Asp Ala Lys Lys Arg Arg Leu lie Gly Leu Pro Ser Phe Leu

405 410 415

Thr Glu Val Ala Gin Lys Glu Leu Glu Asn Leu Asp Ser Arg lie Pro
420 425 430

Ser Cys Ser Val He Tyr He Pro Leu He Gly Phe Leu Leu Ser lie

435 440 445
Pro Arg Leu Pro Phe Met Val Glu Ala Ser Asp Phe Glu lie Glu Gly

450 455 460

Leu Asp Phe Met Phe Leu Ser Glu Asp Lys Leu His Tyr Arg Ser Ala
465 470 475 480
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Arg Thr Lys Glu Leu Asp Thr Leu Leu Gly Asp- Leu His Cys Glu lie
485 490 495

Arg Asp Gin Glu Thr Leu Leu Met Tyr Gin Leu Gin Cys Gin Val Leu
500 505 510

Ala Arg Ala Ser Val Leu Thr Arg Val Leu Asp Leu Ala Ser Arg Leu
515 520 525

Asp Val Leu Leu Ala Leu Ala Ser Ala Ala Arg Asp Tyr Gly Tyr Ser
530 535 540

Arg Pro His Tyr Ser Pro Cys He His Gly Val Arg lie Arg Asn Gly
545 550 555 560
Arg His Pro Leu Met Glu Leu Cys Ala Arg Thr Phe Val Pro Asn Ser

565 570 575
Thr Asp Cys Gly Gly Asp Gin Gly Arg Val Lys Val lie Thr Gly Pro

580 585 590
Asn Ser Ser Gly Lys Ser He Tyr Leu Lys Gin Val Gly Leu lie Thr

595 600 605
Phe Met Ala Leu Val Gly Ser Phe Val Pro Ala Glu Glu Ala Glu lie

610 615 620
Gly Val He Asp Ala He Phe Thr Arg He His Ser Cys Glu Ser lie
625 630 635 640
Ser Leu Gly Leu Ser Thr Phe Met lie Asp Leu Asn Gin Val Ala Lys

645 650 655
Ala Val Asn Asn Ala Thr Glu His Ser Leu Val Leu He Asp Glu Phe

660 665 670
Gly Lys Gly Thr Asn Ser Val Asp Gly Leu Ala Leu Leu Ala Ala Val

675 680 685
Leu Arg His Trp Leu Ala Leu Gly Pro Ser Cys Pro His Val Phe Val

690 695 700
Ala Thr Asn Phe Leu Ser Leu Val Gin Leu Gin Leu Leu Pro Gin Gly
705 710 715 720
Pro Leu Val Gin Tyr Leu Thr Met Glu Thr Cys Glu Asp Gly Glu Asp

725 730 735
Leu Val Phe Phe Tyr Gin Leu Cys Gin Gly Val Ala Ser Ala Ser His

740 745 750
Ala Ser His Thr Ala Ala Gin Ala Gly Leu Pro Asp Pro Leu lie Ala

755 760 765
Arg Gly Lys Glu Val Ser Asp Leu He Arg Ser Gly Lys Pro lie Lys

770 775 780
Ala Thr Asn Glu Leu Leu Arg Arg Asn Gin Met Glu Asn Cys Gin Ala
785 790 795 800
Leu Val Asp Lys Phe Leu Lys Leu Asp Leu Glu Asp Pro Thr Leu Asp

805 810 815
Leu Asp He Phe He Ser Gin Glu Val Leu Pro Ala Ala Pro Thr lie

820 825 830
Leu

(2) INFORMATION FOR SEQ ID NO: 55:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 232 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
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(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55:

GTAACCTCCG CGTGACAGAA TGAGGGTGGG GCGCGTGGAG TTTCCCACAA TCTGTACTTT
AGTTAAATAC CCGAGAATTC ACCTCCTGTG TCCACAGCTC TCCACGCCCC TCAGCCCTGC
CCCGCAGCCC TGTATCAGAA GTACTTAGCG CTTTGCATTC TGCGCGCCAC CCTACCCCGG
CCTCCTCTGT GAATCGTTGC TTCCGAACCG CCCTCACTTT TTGCATCCGC AG

(2) INFORMATION FOR SEQ ID NO: 56:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 74 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56:

GTCTCTGAGG GGAGTAGAAA CTTGAATGGA GAGTTGATGG GAATTTAAAA TAAAAGAGGG 60
TTGGGAGCCG GG// 74

(2) INFORMATION FOR SEQ ID NO: 57:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 189 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57:

AAAAAAAAAC AGGGTTGGGA AGAGCTGGGC AAGTCTCTTA CCTCCTGAGT GGCTGTTTCA
CATTCACTAA ATGGGGGTGA TGATGCCTAT CTCAGAGATT TGAGAAAATG ATTAAATTAT
ATAAGACATG GTAAACCCTA CACTTATGAG TGATTCTAAT AGTGATTTCC TTTCTTCCTT
GCTGGACAG

(2) INFORMATION FOR SEQ ID NO: 58:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 450 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58:

GTGGGGATGG AACCATGAAT TCCTCTGCTC TCTGGGATTG CAGATGTGTT ACACACACAC 60
ACACACACAC ACACACACAC ACACACATAT TTTTTTTTTC TAGACAGAGT CTTGCTCTGT 120

60

120
180
232

60
120
180
189
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TACCCAGGCT CAAGTGCAGT GGCGCAATCT TGGCTCACTG CAGCCTCCAC CTCCTGGGTT 180
CAAGCAATTC TCCTGACTCA ACCTCCCGAG TAGCTGGGAC TACAGGCGTG TGCCACCACA 24 0

CCCAGCTAGT TTTTTGTGTG TGTTTTTAGC ACAGACGGTG TTTCACCATG TTGGCCAGGG 300
TGGTCTCAAA CTCCTGACCT TGTGATCCGC CCACCTTGGC CTCCTAAAGT GCTGGGACTA 360
CAGGTGTGAG TCACCACGCC CAGCCATGTT TTACTTACAT TAACTCACCT CACTGTCTAG 42 0

CATATTTTGT GTTGCTGTAA GGAAATAC// 4 50

(2) INFORMATION FOR SEQ ID NO: 59:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 323 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59:

GGCGACAAAT ATATATGACG TATTTACAAT GTTTCAGGTG CTTCAGATTC AGCCCTGGGC 60
AAATCAGTCA TGTCTGTTCT CCAGGGGTTT ACAGCCTAGT GACAACATCC AGAACATCCC 120
ACTTCCCTCT CACCATCCCA CCACTCTTAA CTACTTTTCT AAATCTCAAC TTCTACCTGT 180
GTTCCCACTG TGCAGAGCAC TCCCTACTCC TAGGGAGGAA ATGTTTTTGA GAAGGAGAGG 24 0

GGTAGGAAGA GGAGGGCTAT GGGTTTTCTC TTAGTCAAAG ACAAAGATCC 'TTTAACTCAT 3 00
TTGATCTCTG TTCTCCTTCC AAG 323

(2) INFORMATION FOR SEQ ID NO: 60:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 150 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60:

GTAAGGACTT GGTAAAGGAT AGAGGGAAAA TGGGGAAGGA CTAATATATG GAATATTCCA 6 0

GGGGGCTAGA ATTGGGTGAG AGGGAGTGTC AGACAGAGGT AGAAGGACTG AGATGTAAAG 12 0

AATGATAGCC TTTTCTTTCC TCCCCCACAG 150

(2) INFORMATION FOR SEQ ID NO: 61:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 733 base pairs
(B) TYPE : nucleic acid
<C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61:

GTATCTCCTT CCTTTTGCTT TGCCTAACTC CCTGTTCCGG TGTCCCATTC TTTCCCCCAA 60
CTCTACCTTC ATCATCACAG ATCTCCCCTC TGCCTTATGT CATCCTAAAC CTTTGTGCTC 120
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CTCATGCCCT ATGACCTGTC CCCCCAAGAT CTCTCCTGCT CCCTACGCTT TAATAATCTG 180

CAGCTTATTG GGAAGCCTCT GCTTAAGTCA TGTCTAGGGA TGAGGGCCTC CCCTGAGGAG 240

TGGTGACACT TTTTGGACAG GGTTTTATTG TTGGAATTCT CCCCATTAAG TTAAAGCCTT 300

TTATCACCAA ACCAAAAGGC ACTGCCTCAG TGACCCTTAT TATGATCCAT AAGGCACTTC 360

TATAACTTTC CTAGGTTTAC AATAAGAACA GGAGTGTACT ATCCTAATTA GATATTAAGG 420
CATTAGTGTT ACTAGTTCTA TTAATACCAT TATTTTGACC AAAATCCTCA ATTCCAGACA 480
GATGTCTACT TTCCTCAGCC ATTTATCTTT CTCAGGCTGT GCTTTCAGAC AAGTATCTTT 54 0

ATATTATATG TAGAATAAAA AGAGAATTAG ACTAAGAGTC TGAAAATTTG GTTCTTGCTC 600
TAGCTTTCCA TTAACTGCCT GTGTGAGCTT GGGCAAGTCA AATAATCTCT CTTGCTTCTA 660
TTGTCTCATT CTTAAAATGG GGTGAAAAAA TTGAGCTACA AGACCGTTCC CTTTGCTTGC 720

CTCCCTCAAA TAG 73 3

(2) INFORMATION FOR SEQ ID NO:62:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 164 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:62: .

GTGAGATTGG TCCTGGGGGA TAAGGGCTGG GAGGCGGCAC AAGTGCTAGG GCTGAATTCT 6 0

GGGAGGTACT GGCCTAGCCC TGGAAAATAG TAACTTTCCC TGGTGCTCTG CAGCCCCCAG 12 0

GAGATTTAAG ATTTACCCCG ATTCCACTGC TGATCCCCTC CCAG 164

(2) INFORMATION FOR SEQ ID NO: 63:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 246 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63:

GTAGGTGATT CACCCCAACC CCAACCAAAG TAATGTGGGA TTGGGAGGCC TGAAAAGTAA 6 0

AGTGGGGGTG GGGTGTGGAT GTGGCTGTGA CCCAGTGGGT CAAGGGCTCT AGGACACCCG 12 0

GGAGAATCTA AGGGCTAATG AGACTTTGGG AAGAAGACTG GGACAATATT CAGAGAGGGG 180

GACAAAGGAA GTGGAGTTGT GGAACGAACT CAGACTGCTT CCTGCTTTTT TGTTTTCTGT 24 0

CCTCAG 246

(2) INFORMATION FOR SEQ ID NO: 64:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 413 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64:

GTAAAGAGGT GGAGGCATGC TGCTGTCTCT GGGGAGGGAG AAGGATTAAG TTTAATGCCC 60
CAATAATCCT AATGAGGCTC TAGTTTCCCT AATCCTGGGG CTATTAAGAT CTCTCTCCTT 12 0
GAAGGAAAGG GAAGGGGGGT TTTGAGGGAA AGAGAGGAAG AAAAGCATAA AGATACTAGC 180
TTTCTTTTCT ATAGGGAGAA ACTGAGGCAA AGAAAAGTAA GGGACAAACC TTACATCAAG 240
ATATGATCTC GGCTGGGCGC GGTGGCTCAT GCCTGTAATC CCCGCGCTTT GGGAGGCCAA 3 00
GGCGGGTGGA TCGCCTGAGG TCAGGAGTTT GAGACCTGAC CAATATGGTA AAACCCCGTC 360
TCTACTAAAA ATATAAAAAT TAGCTGGGTG TGTTGTGCGC CTGTAATCCC A// ,<~413

(2) INFORMATION FOR SEQ ID NO: 65:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 136 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
<D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65:

TTTTTTTTTA AAAAAAAAAA AAAAAAGACG TGATCTCAGG AGGATATCCC CTGTCCCCAT
TCCATTTATC AGTCCTCAAT TCTTATTCCC CTCAAAAGTC CAAGTTACCC CAAACTCCTC
CATTTCTCCT CGACAG

(2) INFORMATION FOR SEQ ID NO: 66:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3 56 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
<D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66:

GTAGGTGTGC CCCATCCCTC ATCTCACGTA CAAAGACCTA CCAGAAAAGC AATTGGCTCC
AAAGATGTGT CCCAGCCTCC CTTCCCACTT CACTCCCATT GTCAGATATC TCTTTCATGC
CAATCCAAAT TTCTTACCTA TTTGTACCCC CCGCCCCCCA AGCTTGAGCA TCTTCCCATA
CTTTGTGGCT GTACAGTGTG TTGCATATCA GCCATTACTT TACCAATTCT GTGTTCCTTC
CCTGGGTTTG TATGAATGTT TCTACTAGTT GGGTACCTGT TAGGGACTTT GGGAGACCTT
GTGTATAGAG AAGAGTTTTG TAACTGCATA ACTGCCTATT TGATTTGTAT AGAG//

(2) INFORMATION FOR SEQ ID NO: 67:

<i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 426 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67:
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CCAGGAGTAG AGGGAGAGAC AGAAACAGCC AACAATGGCC CAGAAAATGG ATGATATATT 60

AGATAAGGGA AGAAATGAGT TACCAGATTG GGGAGAGATG GTTTGGATGT CAAAGCAGGT 120

GATCGGTGAC GTCAGCGTCC GAGGGAAGAC GGCTGCCACC GGCGGGGCCA GTTGAGGGAA 180

CTAGGTAGTT AAGTGTTGTC GGGCTAAAAG TCCCTAGAGT GTCCATCCCT CCCCCATCTC 24 0

CATGTGCGGT AATCCCAGCT CATTTAGGGG CCAGGCACCA ACTTTGGTTG CCTTTGTGCC 3 00

CTCCCAGGCC AGCTTCCTCA ACAACCAGCA CCTCTGACTG GATGCCTCAG GTTAGACACA 360

TAAACACATT CCATTGCCCT GTCCGTGCCT TGTAACAAGT TCACTCCCTG CCTTATCCCT 420

CACAAG 426

(2) INFORMATION FOR SEQ ID NO: 68:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 360 base pairs

(B) TYPE: nucleic acid
<C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68:

GTGAGTGGGT CCCACACATA CTACACACTA ATGCATGAAT TCCATATGCA CACTACATAC 6 0

TAAGCCTACT AATGGCAGTA TACAGATTCT CACATACACC ACCCCACCTA GTAGTAGTAA 120

AGCAACTGCC CTTTACTGAG CACTGGCTAA CTGCATTTCA TCCTTATAAC AGCTTTGTGT 180

AGTAGCTGAT ATGCATCTCA TTTTTTGTTG TCAGCGCAGG TACACATATA CATTGATGAT 24 0

ACACAGACTT GCACACATAC AGCAGCAGGA AAAAACACAA AATGTAAGGC CGGGCACAGT 3 00

GGCTCACACC TGTTATCAGC ACTTTGGGGG GCCAACGCTG GGTGACCTTC CATCTTTG/ / 360

(2) INFORMATION FOR SEQ ID NO: 69:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 447 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69:

CACAGGAAGA ATATGAAAAG ATGAATGTCT GTTGCTGTTA CCCAGAGACA CTTTCACAGC 60

TAAAAAGACA TACAAACTCA TACTGACTCA CCGTCTCTTA CTCAGCCTCA GAGTGAGCTG 120

CAGTGTTGGC ACACAAATAC CTCAACACAC TGCTCTCCTT CTAAAATATT GACAAGCTCC 180

GTTACTTATA TACATGGAAT GACACACGGT CTTATCCGTT GAAACTGTGA TATGTAGACA 240

CAATTATGCT CACATCTAGC AATTTTCAGT AGATACATGT AAACACACCT GAATGGGTAG 3 00

GACACTGCAC TTGCCACTAC ATTCCCATAG CACATCGTGG ATACATATTG CCACAATCCC 360

CAGGGACTGC AAGCACACTT TTTGGCAAAC TGAGATCAAG ATGATAGATG TAACTTGTAG 420

TACCCCCACC CAAACCCTCA CTTCCAG 447

(2) INFORMATION FOR SEQ ID NO: 70:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 127 base pairs

(B) TYPE: nucleic acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70:

GTGAGCCCAG GGTGGAGGGC AGGGAGGTGG GGAAGGAGGT TGAGGGCTGA TACTGGGCAG 60TGGGCTTCTT GAGGGGCATT AGAGTGAGGG AAGAGAAAAC AGCGGCTGTA ACCTTGTCTG 120ACTGTAG
127

(2) INFORMATION FOR SEQ ID NO: 71:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71:

GTAAGGCCTT CCTTCTTGAA TCCCAAAA/

/

(2) INFORMATION FOR SEQ ID NO: 72:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 222 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72:

TACAGGCATG AGCCACTGTG CCTGGCCAGG ACCATATCTT AATTGTCTTT GTAGTTTCAG 6 0TGTTTGGTAC AGTGCCTCTC ACTGTTTCTT TTTGCCTTTG AGATCTTCCC TCTTTGTTAC 120TGTGATCTTC CCTACTGGTC TTTGTTCTTC TGAGTCTGTC CCTATCACCA CCTCAACCCG 180AGCTGGATGT GGCCTGTCCT CCTTTTTGTG TTTCTCTCAC AG 222

(2) INFORMATION FOR SEQ ID NO: 73:

(i) SEQUENCE CHARACTERISTICS

:

(A) LENGTH: 254 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D> TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73:

GTGAGTAGAA GGAAAAAGGG AGTGCACCCA GGGAGGTCAG GGAGAGAGAA TGCAGTGTGC
AAGATGGGGA AACATGGAAG ATATTGAGGT CAATTGGATA AAGAATGGGA TGGTGGGAGG
AGGCAGCAGA ACTTCAGGGA AGTATCTGGA GGGTGAGAGT TAAAGGAGGA CTGCAGGGAG

60

120
180
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AATTGGGGCC CAAGGAGAGC TGAGGAACAG GACAGAGGGT GCCAGGTCCT AAGAAACAGT 240

ACTTATCTCC TCAG

(2) INFORMATION FOR SEQ ID NO: 74:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 14 5 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:74:

GTGAGTGTTG GGTGTGGATG GGCCTGTGAG CCCTGCGCAG TGATGGAGTA CCATCCTTGG

CAGGTGGTCA CCACAGCTGG GGATCTTCAT AGCAACCAGG GCAGGAGACT CACTTTTGAT

AACCACCTGT CTTCCACCCT CGTAG 1

(2) INFORMATION FOR SEQ ID NO: 75:

(i) SEQUENCE CHARACTERISTICS:

{A} LENGTH: 98 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

CD) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75:

GTGAGGGCAG GAGAGTGGGT GTAGCCTTCA GATGTCTTTT GGGGGAGATA TTAGGCTTAT 60

GAAAGACATA CTGGTAGATA AGAAAACTTG TGGGGC//

(2) INFORMATION FOR SEQ ID NO: 76:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 8 3 base pairs

(B) TYPE: nucleic acid

<C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76:

ATCTTTTAAG CTCCCTTGGG ATGGGGAGGT TCCAGTAAGT CTCCAAACAA GAGAGTAGAG

TATCTCCTCT TTACTCTCCC CAG

(2) INFORMATION FOR SEQ ID NO: 77:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 247 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 77:

CAACCTCTGT AAGGTGAC3TG ATGAGGAAAA TGAGTCAGCA GCTGAGGAAG 60AGCGTTACTC TACAGCAGCA CTGCCCAATA TGGGATCTCT CCTCTGTAGT TTTACTCTGA 120GCTTTACCAG CACTGAGACA AAGGAAAGAG AAGTCAGAGT TAGGGGCTGG AGGTGGGGTT 180AGAAAGATGG GGAAGGAGAG GAGGACCAAG AGATGCAAAG TCCACAGCTT TGAACCCCTG 240T.ACCCAG
247

(2) INFORMATION FOR SEQ ID NO: 78:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 273 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 78:

GTGAGGAAAA GCCAGAGGTT ATATGCATTG TAAGATGTTT AAAAAAAGCA GCAGCCAGGG
GAAGGAGGGG AGTGGGCAAC TTGGGGATGC TTCCAACAGG CCCCTCCTCT TCCTGCTCTC
TGTCTCGCTC ACTCTGACTC TATCTTTTCC TCTGAATGTC TTGAGGTCTC AGATTGTATC
TGCAACCTGT TTCCAGATCC CCCTAGGGGC CTCTGCCTCT CCTTCACTTT CCCCTGGAAC
TGACCTCCAG CTCCCTTCCT CACCCACTCC CAG

(2) INFORMATION FOR SEQ ID NO: 79:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 114 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

60
120
180
240
273

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 79:

GTAAGAATAG AGGCGGGTGG AGGAATACAC ATGAGGGGCC CAAAGGCTAC ATCTTCTGGG
GGTTCATCTA TCTTGATCCA CAAGCCATGC GAGGTGCCTC TCCGCCCACT GCAG

(2) INFORMATION FOR SEQ ID NO: 80:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 473 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

60

114

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 80:

GTGAGGAGAA GCCCTGCAGC CTGGGCCTCT GGCGTCTCCT GCATCTACTC CACCCCTACT 60
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 81:

GTCAAAGGGA ACAAAGGGAG GTGGGATTGA GGAAGGGGAT AATGGGAAAG GAACCCCTGA

AAATGCTCAT AACAGGAAAG CATGCCCTCT GCTGCATGCC CTTTATACTA AAAGTGGGGA

GCACTAAGGT CAGAGATAAG AAGAATCAAT ACCATAAACA TTTCTTGAAC CCTTGTTTCA

TGTGAGTCAC TGTTGGCAAA GAGGATGAAC AAAGCGTGCA CCTCACCATT CAAGAACTTG

CAGTGCAGTA GGGAGGGCAT GTATACAGCT TTATTCACAG GCCAACTGTG GTCAGTGCGT

TACGGGCTTC CAATACTAAC TTCCCCTTGT CCACCTTATA CCCAGCAG

(2) INFORMATION FOR SEQ ID NO: 82:

<i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 209 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82:

GTGAGGGGAG AAACTGATGA GGGGAGAAAC TAAGGAGGGG AAAATGGAGG AGGATGAAGG

AGCATGACAG TGAGGCTGGG CCTCTGGAAT GGAATAGGGC TGTGTGGGCA GAAAAGAAAT

AGAACACGAG ACAGGGAAAG GCAGTGCAAG TGCAGAGGGG CATATGGGGT CCCCATGGCT

CCGAATGCTA ACCTCTGCCC TCTTTGCAG

(2) INFORMATION FOR SEQ ID NO: 83:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 202 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83:

120
180
240

TGCCAGCCAA CTCAGGCTCC TGCAGCTCTT CTCCCATTTT CTGACCCCGC TCTTCATGAA

AGGACCATCA CCCACATCCC TGTGCTTCCA CCTCACATGT TCTTATTCTC CACTGGAGAG

rrATGCTCTA ATGGAACTTT CCGTGGCCCA AATTCCTTCA CCTGCCTCTG AGTAGGTACA

CACCACTCCC AAGTATGTCT CTGCCCACGT CCCGTGCCTC TTCACTGATT CTAAATTAGC 300

CCACAGGGCT ATGGTCAGGA TTCGGGGAGG AGAGACAGAG TCAGTGTGTC TGTTACCTAT 360

TTCTCCTGTT TCACCCTGTC CATTTCTCTT TGATGTGCCA TTCATGCCTT GAGCCTCACT 420

TTCACCTCAG CCCACGGCAC CAGGCCCCAG GCCCTGTCTC CTTCCCTATT CAG 473

(2) INFORMATION FOR SEQ ID NO: 81:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 348 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

60

120
180
24 0

300
348

60

120
180
209
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(2) INFORMATION FOR SEQ ID NO: 84:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 155 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 84:

GTGATGAGAT CCAAATGTGC AACCACCTCC ACATCAGAGC TCCCTTTCAT TCCTAGTCCT 6 0ACTGGGCCTG GGTCTAGGTC CACAGGATTT CTGACCCTTA TTTCCCCTTC TCTTCCCCAC 12&TCCCCTTACT CCTCCCACCT TCTTGCTTGT CCTAG
^nctCCAC 120

(2) INFORMATION FOR SEQ ID NO: 85:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 215 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 85:

GTGCGTATAT GGCCCCAGTG TCTTTACCCT CTCTGCATCT TCTCCTGCAA CTCTTCTrrr anCCCTCCAGCA CTTTGCCCTT CAGAAACCCA CCATTTCTTT SgSI^
AGATCCCAGfi TTTTPTr.Tr.p pap^op^ ~ 177^ ^ 1Li 1CA^uitni UHiAAATCCC TAAATCTTPA
AGATCCCAGG TTTTCTGTGC CACAGCCTCT CCCCTCTGCC CAGGGATTTG GTTGTCCATTCTGCCATAAA TCTTGCGATT TTCTCTCTTC TTCAG

CjTTGTCCATT
120

180
215

(2) INFORMATION FOR SEQ ID NO: 86:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 86:

GCTGCTCAGG TATACAGTAC CACGCTCCC

(2) INFORMATION FOR SEQ ID NO: 87:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs

29
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(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 87:

AGATCCGGGG TGAGGAGCCC GTGGTAGGA

(2) INFORMATION FOR SEQ ID NO: 88:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 88:

GAATGGCAGG TGAGAAGGGG CCCCATGTC

(2) INFORMATION FOR SEQ ID NO: 89:

<i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 89:

CTCAAGCAGG TGAGGGGCCG CCAAGCTGG

(2) INFORMATION FOR SEQ ID NO: 90:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 90:

ACCAACTCGG TGCGGAGGAA AATGAAGAG

(2) INFORMATION FOR SEQ ID NO: 91:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

BNSOOCID <WO 9901550A1_L>
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(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 91:

TTCCCATCCC AACCCTCCAG GCTGTGGTT

(2) INFORMATION FOR SEQ ID NO: 92:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92:

CTCTCTCTCT CCTTCTCCAG ACCAGGAGA

(2) INFORMATION FOR SEQ ID NO: 93:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 93:

TGTCTCTCTA CCCACCACAG GCATCCTCT

(2) INFORMATION FOR SEQ ID NO: 94:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2 9 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 94:

TCTCCCCTGC CCTGGCCCAG GTAGGCTTG

(2) INFORMATION FOR SEQ ID NO: 95:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(D) TOPOLOGY: linear

<xi> SEQUENCE DESCRIPTION: SEQ ID NO: 95:

TCACCTCTGC CCTTTGACAG GTGGATGGC

(2) INFORMATION FOR SEQ ID NO: 96:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 79 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

60
79

60

120
135

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 96:

GTATACAGTA CCACGCTCCC CAAGCAAAGT CAAGATGAGA GAAGACGTGA CTTGTAACCT

TCCCATCCCA ACCCTCCAG

(2) INFORMATION FOR SEQ ID NO: 97:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 135 base pairs

(B) TYPE: nucleic acid
( C ) STRANDEDNESS : s ingle

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 97:

GTGAGGAGCC CGTGGTAGGA GGGGGCAGGC TGCTCTAACA GACCCTGCTC TCATGCTGGC

CCCTCTGCAT GGTCACACTG CATCTGCATG CCTGCTTCCA GATCTTTCCA GGCACCTCTC

TCTCTCCTTC TCCAG

(2) INFORMATION FOR SEQ ID NO: 98:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 79 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 98:

GTGAGAAGGG GCCCCATGTC CTGCTGTGGG GATCCTCCCT GGGTCCACAA ACCATGCAGT 60

GTCTCTCTAC CCACCACAG

(2) INFORMATION FOR SEQ ID NO: 99:

(i) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 3 89 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 99:

GTGAGGGGCC GCCAAGCTGG GGGCCCACAT CTCCATCTCC TCTGGCCGCC AGGCCAGATC 60CTCTGCCCCC CCCCACACAC ACATACAGCA CATGTCCTTG TCCTCTGAGG GACAGTCTGT 120TCTTTAGGAT AGACCTTTCC GTGGCCACAA GTCCCTGGAC CAACCTCCAA ATAGATCCAT 180GCCGTTCCCT AGTATGCCTT TACCCACAAC CTTGACTCTG GAGTTAATTG TGAAGTCAGG 240ACCCAGGAAA CTGTGTTCCA GGGCTCTGTT CTTCTGTTAC ACTGTGTCCT CTCTTTAATC 3 00TGTCGTTCAT GTCTTTAGTT GAGACCCATT TTTACTTTGC CCATAGTACG GCAACAGGCC 360CATGTTCTGT CTCCCCTGCC CTGGCCCAG
JbU

(2) INFORMATION FOR SEQ ID NO: 100:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 180 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

389

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 100:

GTGCGGAGGA AAATGAAGAG ATGCTAAGGA GGGGGGATGG AGGAAAATGA GAACCGGGAG
CAGGAGACTG ACCTCAGGGA AGAAAAGGGG GATGCGTGCA CAGAGGGGAG GAGAAGCCAT
GACAGCTACA GAAGGACACA GCTGTCCTGG TTCTGCCCTC TCACCTCTGC CCTTTGACAG

(2) INFORMATION FOR SEQ ID NO: 101:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 101:

CCAGAACTCT CTGGAGAAGC

(2) INFORMATION FOR SEQ ID NO: 102:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 102;

GTGCTGTGGA ATTCAGGATA C

(2) INFORMATION FOR SEQ ID NO: 103:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 27 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 103:

CTCCACTATC CACTTCATGC CAGATGC

(2) INFORMATION FOR SEQ ID NO: 104:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 28 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 104:

GCTGGGGAGG ACACTGGAAG GACTCTCA
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What is claimed is:

1. An isolated and purified human MSH5 protein having the

amino acid sequence set forth in SEQ ID NO:2, or a fragment of at least six

amino acids thereof.

2. An isolated and purified nucleotide segment having the

sequence as set forth in SEQ ID NO.:l.

3. An isolated nucleotide segment containing a fragment of at

least 17 contiguous nucleotides as set forth in SEQ ID NO: 1.

4. An isolated nucleic acid segment having a nucleotide

sequence selected from the group consisting of SEQ ID NOs.:3-53.

5. An isolated DNA segment which hybridizes under stringent

conditions to a DNA fragment having the nucleotide sequence set forth in

SEQ ID NO:l or a unique fragment thereof and codes for a MSH5 gene.

6. A vector containing the DNA of claim 5.

7. The vector of claim 6, wherein said vector is a retroviral

vector.

8. A host transformed with the vector of claim 6 or 7.

9. A vector containing an antisense DNA segment of the

nucleotide sequence set forth in SEQ ID NO: 1 or a unique fragment

thereof.
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10. A kit for determining an alteration in a mammalian MSH5

gene by DNA amplification comprising:

a set of DNA oligonucleotide primers in a vial, said set

allowing synthesis of a DNA encoding the DNA mismatch repair

gene.

11. The kit of claim 10, wherein the DNA mismatch repair gene is

hMSH5.

12. The kit of claim 10, wherein said primers are selected from

the group of SEQ ID NOs:3-50.

13. A method of determining whether there is an alteration in a

mammalian MSH5 gene which comprises:

a) isolating a biological specimen from a preselected

mammal;

b) testing the specimen for an alteration in said

mammalian MSH5 nucleotide sequence or its expression product;

and

c) comparing the results obtained in step b) with a wild

type control.

14. The method of claim 13, wherein the biological specimen is

selected from blood, tissue, serum, stool, urine, sputum, cerebrospinal

fluid, supernatant from cell lysate and a eukaryotic cell sample.

15. The method of claim 13, wherein the mammal is a human.

16. The method of claim 13, wherein an alteration is indicative of

a predisposition to malignant growth of cells in the mammal.

17. The method of claim 13, wherein an alteration is indicative of
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a predisposition to a malady associated with inappropriate meiotic

segregation.

18. The method of claim 15, wherein the biological specimen is

selected from a group of blood related individuals.

19. The method of claim 13, wherein the nucleotide sequence is a

gene.

20. The method of claim 17, wherein the malady is infertility or

Downs Syndrome.

21. The method of claim 13, wherein the expression product is

mRNA.

22. The method of claim 13, wherein the expression product is a

protein.

23. The method of claim 13, wherein the alteration is in the

nucleotide sequence of the DNA.

24. The method of claim 23, wherein the alteration is detected

using a method of DNA amplification.

25. The method of claim 24, wherein the method of DNA
amplification detects an alteration in at least one intron or exon.

26. The method of claim 25, wherein the alteration is detected in

a MSH5 gene using a pair of oligonucleotide primers.

27. The method of claim 25, wherein the wild-type hMSH5 gene

has SEQ ID NO:l.
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28. The method of claim 13, wherein the alteration is detected by

measuring the level of gene expression.

29. The method of claim 13, wherein the alteration is detected by

identifying a mismatch between (1) a MSH5 or its mRNA in said tissue and

(2) a nucleic acid probe complementary to a mammalian wild-type MSH5,

when (1) and (2) hybridize to each other to form a duplex.

30. The method of claim 29, wherein the nucleic acid probe is a

DNA probe.

3 1 . The method of claim 29, wherein the mismatch is identified

by enzymatic cleavage.

32. The method of claim 13, wherein the alteration in the MSH5

DNA is detected by amplification of MSH5 genes and hybridization of the

amplified sequences to nucleic acid probes that are complementary to

mutant MSH5 alleles.

33. A method of diagnosing a DNA mismatch repair defective

tumor of a mammal, comprising:

isolating a tissue from said mammal suspected of being a

tumor; and

detecting an alteration in a MSH5 gene or its expression

product, wherein said alteration is indicative of a DNA mismatch

repair defective tumor.

34. The method of claim 33, wherein the mammal is a human.

35. The method of claim 34, wherein the DNA mismatch repair

defective tumor is lung, breast, colorectal ovaiy, endometrial (uterine),
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renal, bladder, skin, rectal and small bowel.

36. A method of prognosis in an individual having cancer,

comprising, comparing a cancer cell from said individual with a non-cancer

cell from said individual for the presence of an alteration in the MSH5

gene.

37. The method of claim 36, wherein an alteration in both cells

indicates a genetic basis for said cancer.

38. A method of screening for agents affecting a mammalian

MSH5 gene comprising:

a) selecting a first test cell having an alteration in the

mammalian MSH5 gene;

b) selecting a second test cell, said second cell derived

from said first cell, but not having the alteration in the MSH5 DNA;

c) contacting said test cells with a selected agent; and

d) comparing the effects of said agent on the first and

second test cells.
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